Chapter 1, Problem 1 


How many coulombs are represented by these amounts of electrons: 
(a) 6.482 xlO^" (b) 1.24 x lO’" 

(c) 2.46x10*’ (d) 1.628x10"“ 

Chapter 1, Solutíon 1 

(a) q = 6.482xl0*’x [-1.602x10 *’ C] = -0.10384 C 

(b) q = 1. 24xl0*^x [-1.602xl0'*’C] = -0.19865 C 
(e) q = 2.46xl0*’x 1-1.602x10'*’C1 = -3.941 C 

(d) q = 1.628x10^’x [-1.602x10 *’C] = -26.08 C 


Chapter 1, Problem 2. 

Detennine the euiTent flowing through an element if the eharge flow is given by 

(a) q[t) = (3t + 8) mC 

(b) ^(/) = (8t'+4t-2)C 

(e) q(t)=(3e'* -5e“^*)nC 

(d) ^(í) = 10sinJ2íl>TtpC 

(e) q{t) = 20e~^' cos50t //C 


Chapter 1, Solution 2 

(a) i = dq/dt = 3 mA 

(b) i = dq/dt = (16t + 4)A 

(e) i = dq/dt = (-3e‘* + lOe'^*) nA 

(d) i=dq/dt= 1200ïï cos,120ïït pA 

(e) i=dq/dt= -e“^'(S0cos.5í)f+ /0í)0sin.50f) 
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Chapter 1, Problem 3. 


Find the charge q(t) flowing through a device if the cuiTent is: 

(a) i(í)=3A,^(0) = lC 

(b) i(0 = (2t + 5)mA,^(0) = 0 

(c) i{î) = 20cos(10/ + 71! 6) juA, ^(0) = 2 juC 

(d) i{î) = IOí;-'"' sin40íA, ^(0) = 0 

Chapter 1, Solution 3 

(a) q(t) = ji(t)dt + q(0) = (3t + 1) C 

(b) q(t) = J(2t + s) dt + q(v) = (t^ + 5t) mC 

(c) q(t)= j20cos (10t + ;r/6) + q(0) = (2sin(10í + ;r/6) + l)//C 

q(t) = ílOe ''^^ sin40t + q(0) =- — -(-30sin40t - 40 cos t) 

(d) J ' 900 + 1600 

= - e-'"'(0.16cos401 + 0.12 sin 40t) C 


Chapter 1, Problem 4. 

A cuiTent of 3.2 A flows through a conductor. Calculate how much charge passes 
through any cross-section of the conductor in 20 seconds. 


Chapter 1, Solution 4 

q = it = 3.2 X 20 = 64 C 


Chapter 1, Problem 5. 

Deteimine the total charge transfeired over the time intei'val of 0 < t < 1 Os when 

i(t) = -t A. 

2 


Chapter 1, Solution 5 


q = 


jiJí = j 



10 

0 


= 25 C 
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Chapter 1, Problem 6. 


The charge entering a ceitain element is shown in Fig. 1.23. Find the cuiTent at: 
(a) í = 1 ms (b) t = 6 ms (c) t = 10 ms 



nm 


Figure 1.23 


Chapter 1, Solution 6 


(a) At t = Ims, i = — = — = 40 A 

dt 2 - 

(b) At t = 6ms, i = — = 0 A 

dt - 

(c) Att= lOms, i = -^ = —= -20 A 

dt 4 
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Chapter 1, Problem 7. 


The charge flowing in a wire is plotted in Fig. 1.24. Sketch the coiTesponding 
cuiTent. 



Chapter 1, Solution 7 



'25A, 

0 < t < 2 

i=^= 

1 

Uì 

> 

2 < t < 6 

dt 




25A, 

6< t < 8 

whieh is sketched below: 


i i(t} 


2ÍA ■ 



1 

D ; 

1 

! 4 


-2 5 A 




t in sec 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou aie using it without permission. 



















Chapter 1, Problem 8. 

The euiTent flowing past a point in a deviee is shown in Fig. 1.25. Calculate the 
total charge through the point. 





2 


Figure 1.25 


Chapter 1, Solution 8 
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Chapter 1, Problem 9. 


The cuiTent through an element is shown in Fig. 1.26. Deteimine the total charge 
that passed through the element at: 

(a) í = 1 s (b) r = 3 s (c) í = 5 s 



Figure 1.26 


Chapter 1, Solutìon 9 


(a) q = J 

■idt= |l0dt = lOC 

i 

•3 . f 5x0 

^ a = 


(b)^ J 

0 [ 2 ) 

= 15 + 7.5 + 5 = 22.5C 

(c) q = 

fidt = 10 + 10 + 10 = 30C 


Chapter 1, Problem 10. 

A lightning bolt with 8 kA stiikes an object for 15 // s. How much charge is 
deposited on the object? 


Chapter 1, Solution 10 


q = it = 8xl0\l5xl0 '^ = 120 mC 
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Chapter 1, Problem 11. 

A rechargeable flashlight batteiy is capable of deliveríng 85 mA for about 12 h. 
How mueh eharge ean it release at that rate? If its teiTninals voltage is 1.2 V, how 
much energy can the batteiy deliver? 

Chapter 1, Solution 11 


q= it = 85 xlO'^ X 12 X 60 X 60 = 3,672 C 
E = pt = ivt = qv = 3672 xl .2 = 4406.4 J 


Chapter 1, Problem 12. 

If the cuiTent flowing through an element is given by 
3íA, 0 < t < 6s 
18A,6<t<10s 
-12A,10<t<15s 
0,t>15s 

Plot the charge stored in the element over 0 < t < 20s. 

Chapter 1, Solution 12 

For 0 < t < 6s, assuming q(0) = 0, 

î t 

q(t)= ^idt + q(0) = ^3tdt + 0 = 1.5t^ 

0 0 

Att=6, q(6)= 1.5(6)^ = 54 
For 6 < t < lOs, 

1 t 

ci(l)= ỳdt + ci(6) = ^18dí+54 = ]8t-54 

6 6 

Att=10, q(10)= 180-54= 126 
For 10<t<15s, 

t t 

í?(/) = I idt + q(10) = I (-12)dt +126 = -12t + 246 

10 10 
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At t=15, q(15) = -12x15 + 246 = 66 
For 15<t<20s, 

î 

q(t)= jodí+q(15)=66 

J5 

Thus, 


Q(0 = 


L5p C, 0 < t < 6s 
18t-54 C, 6 < t < lOs 
-12Í + 246 C, 10 < t < 15s 
66 C, 15 < t < 20s 


The plot of the charge is shown below. 
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Chapter 1, Problem 13. 

The charge entering the positive tenninal of an element is 
q = 10sin4;z't mC 

while the voltage across the element (plus to minus) is 
V - 2co^An:t V 

(a) Find the power delivered to the element at t = 0.3 s 

(b) Caleulate the energy delivered to the element between 0 and 0.6s. 


Chapter 1, Solution 13 

(a) /■ = — = 40;^ eos Attí mA 

dt 

p = vi = 80;7r cos^ Am mW 
Att=0.3s, 

p = 80;z‘eos^(4;7r.v:0.3) = 164.5 mW 

(b) W=\pdt = %dn: 


r .6 _ MJ.6 

cos Amdt = 40ýr 1 [1 + cos 8:trt]dt mJ 



1 

0.6' 

W =40;z- 

0.6 +—sin 8^t 



8/r 

0 


= 78.34 mJ 
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Chapter 1, Problem 14. 


The voltage v aeross a deviee and the eunent I through it are 
v(t) = 5 cos 2t V, /(;) = 1 o(l - í'-'’"' ) A 

Calculate: 

(a) the total charge in the device at t = 1 s 

(b) the power consumed by the device at t = 1 s. 

Chapter 1, Solution 14 

(a) q= jidt=ílo(l-e-"")it = lo(t + 2e-“"); 

= 10(l + 2e'"" - 2 ) = 2,131 C 

(b) p(t) = v(t)i(t) 

p(l) = 5eos2 -10(1- = (-2.081)(3.935) 

= -8.188 W 


Chapter 1, Problem 15. 

The cuiTent entering the positive tenninal of a deviee is i(t) = 3íí"^' A and the voltage 
aeross the deviee is v(í) = 5di/dt V. 

(a) Find the eharge delivered to the deviee between í = 0 and t = 2s. 

(b) Calculate the power absorbed. 

(c) Detemiine the energy absorbed in 3 s. 


Chapter 1, Solutìon 15 



1.4725 C 


(b) 


v = —= -6e"‘(5)=-30e"‘ 
dt 

p = vi = -90e"'*‘W 


(c) w = jpdt = -90 ( e '’' dt 


-90 .4. 

-e 

-4 


3 

0 


-22.5 J 
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Chapter 1, Problem 16. 


Figure 1.27 shows the current through and the voltage across a device. (a) Sketch the 
power delivered to the device for t >0. (b) Find the total energy absorbed by the 
device for the period of 0< t < 4s. 



v(V) 

5 


Ol_I_._► 

0 2 4 t(s) 


Figure 1.27 ForProb. 1.16. 
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Chapter 1, Solution 16 


(a) 


J 30f mA, 0 < t <2 
[l20-30t mA, 2<t<4 

J5V, 0<t<2 

[-5 V,2<t<4 


pit) 


J 150ímW, 0<t<2 
[-600-H150t mW,2<t<4 


which is shetched helow. 



(b) From the graph of p, 

4 

w = jpí/í = 0 i 


0 
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Chapter 1, Problem 17. 


Figure 1.28 shows a circuit with tìvc clcmcnts. If 


p, = -205 W, = 60 W, p, = 45 W, p, = 30 W, 


calculatc thc powcr p^ rcccivcd or dclivcrcd by clcmcnt 3. 



Figurc 1.28 


Chapter 1, Solution 17 

2 p = 0 ^ -205 + 60 + 45 + 30 + p3 = 0 


P3 = 205 - 135 =70 W 
Thus clcmcnt 3 rcccivcs 70 W. 
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Chapter 1, Problem 18. 


Find the power absorbed by each of the elements in Fig. 1.29. 



Chapter 1, Solutíon 18 

Pi = 30(-10i = -300W 
P2 = 10(10) = 100W 
p. = 20(14) = 280 W 
P4 = 8(-4) = -32 W 
p. = 12(-4) = -48 W 
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Chapter 1, Problem 19. 

Find I in the network of Fig. 1.30. 


4 A 



Figure 1.30 ForProb. 1.19. 


Chapter 1, Solution 19 

1 = 4-1 = 3 A 

Or using power conservation, 

9x4 = 1x9 + 31 + 61 = 9 + 91 
4 = 1 + I or I = 3 A 
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Chapter 1, Problem 20. 


Find Vo in the circuit of Fig. 1.31. 




.flU-V 





Figure 1.31 

Chapter 1, Solution 20 


Since 2 p = 0 

-30x6 6x12 -I- 3Vo + 28 + 28x2 - 3x10 = 0 

72 + 84 + 3Vo = 210 or 3Vo = 54 

Vn = 18 V 


Chapter 1, Problem 21. 

A 60-W, incandescent bulb operates at 120 V. How many electrons and coulombs flow 
through the bulb in one day? 


Chapter 1, Solutíon 21 

p - vi - > i- — - = 0.5 A 

V 120 

q = it = 0.5x24x60x60 = 43200^ 

= qx(3.2Ax\Ç)'^ = 2.696x10^^ electrons 
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Chapter 1, Problem 22. 


A lightning bolt strikes an airplane with 30 kA for 2 ms. How many coulombs of charge 
are deposited on the plane? 


Chapter 1, Solution 22 
q^ìt^ 30x10^^2x10“' = 6^ 

Chapter 1, Problem 23. 

A 1.8-kW electric heater takes 15 min to boil a quantity of water. If this is done once a 
day and power costs 10 cents per kWh, what is the cost of its operation for 30 days? 


Chapter 1, Solution 23 

W = pt= 1.8x(15/60)x30kWh= 13.5kWh 
C = lOcents xl3.5 = $1.35 


Chapter 1, Problem 24. 

A utility company charges 8.5 cents/kWh. If a consumer operates a 40-W light bulb 
continuously for one day, how much is the consumer charged? 

Chapter 1, Solution 24 

W = pt = 40 x24 Wh = 0.96 kWh 
C = 8.5 cents xO.96 = 8.16 cents 


Chapter 1, Problem 25. 

A 1.2-kW toaster takes roughly 4 minutes to heat four slices of bread. Find the cost of 
operating the toaster once per day for 1 month (30 days). Assume energy costs 9 
cents/kWh. 

Chapter 1, Solution 25 

4 

Cost = 1.2 kW X —hr X 30 X 9 cents/kWh = 21.6 cents 
60 - 

PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pait 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher. or used beyond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual course prepaiation. If you are a student using this Manuah 
vou are using it without permission. 




Chapter 1, Problem 26. 

A flashlight battery has a rating of 0.8 ampere-hours (Ah) and a lifetime of 10 hours. 

(a) How much current can it deliver? 

(b) How much power can it give if its terminal voltage is 6 V? 

(c) How much energy is stored in the battery in kWh? 

Chapter 1, Solution 26 


(a) i 


0.8A-h 

lOh 


= 80 mA 


(b) p = vi = 6 X 0.08 = 0.48 W 

(c) w = pt = 0.48x 10 Wh = 0.0048 kWh 


Chapter 1, Problem 27. 


A constant current of 3 A for 4 hours is required to charge an automotive battery. If the 
terminal voltage is 10 + tH V, where t is in hours, 

(a) how much charge is transported as a result of the charging? 

(b) how much energy is expended? 

(c) how much does the charging cost? Assume electricity costs 9 cents/kWh. 
Chapter 1, Solution 27 

(a) LetT = 4h = 4x3600 

rT 


q= jidt= 3dt = 3T = 3X4x3600 = 43.2kC 


(b) W = jpdt = Jvidt = |[(3)íl0 + 


0.5t 


dt 


= 3 


10í + 


0.25Í' 


V 


3600 


3600y 

= 3[40 X 3600 + 0.25 x 16 x 3600] 


= 475.2 kJ 


(c) W = 475.2 kWs, (J = Ws) 

475 2 

Cost =-^ kWh X 9 cent = 1.188 cents 

3600 - 
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Chapter 1, Problem 28. 


A 30-W incandescent lamp is connected to a 120-V source and is left buming 
continuously in an otherwise dark staircase. Determine: 

(a) the current through the lamp, 

(b) the cost of operating the light for one non-leap year if electricity costs 12 cents 
per kWh. 


Chapter 1, Solution 28 

(a) i = - = —= 0.25A 

y 120 

(b) W = pt = 30x365x24Wh = 262.8kWh 
Cost = $0.12 X 262.8 = $31.54 


Chapter 1, Problem 29. 

An electric stove with four bumers and an oven is used in preparing a meal as follows. 

Bumer 1: 20 minutes Bumer 2: 40 minutes 

Bumer 3:15 minutes Bumer 4: 45 minutes 

Oven: 30 minutes 

If each bumer is rated at 1.2 kW and the oven at 1.8 kW, and electricity costs 12 cents per 
kWh, calculate the cost of electricity used in preparing the meal. 


Chapter 1, Solution 29 


w = pt = 1.2kW 


(20 + 40+15 + 45) 
60 


hr + 1.8kW 


Uo^ 


hr 


= 2.4 + 0.9 = 3.3kWh 
Cost = 12 cents x 3.3 = 39.6 cents 
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Chapter 1, Problem 30. 


Reliant Energy (the eleetric company in Houston, Texas) charges customers as 
follows: 

Monthly charge $6 

First 250 kWh @ $0.02/kWh 

All additional kWh @ $0.07/kWh 

If a customer uses 1,218 kWh in one month, how much will Reliant Energy charge? 

Chapter 1, Solution 30 

Monthly charge = $6 
First 250 kWh @ $0.02/kWh = $5 
Remaining 968 kWh @ $0.07/kWh= $67.76 
Total = $78.76 


Chapter 1, Problem 31. 

In a household, a 120-W PC is run for 4 hours/day, while a 60-W bulb runs for 8 
hours/day. If the utility company charges $0.12/kWh, calculate how much the household 
pays per year on the PC and the bulb. 

Chapter 1, Solution 31 

Total energy consumed = 365(120x4 + 60x8) W 
Cost = $0.12x365x960/1000 = $42.05 


Chapter 1, Problem 32. 

A telephone wire has a current of 20 // A flowing through it. How long does it take for a 
charge of 15 C to pass through the wire? 

Chapter 1, Solution 32 

i = 20 pA 
q = 15C 

t = q/i = 15/(20x10-*^) = 750x10^ hrs 
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Chapter 1, Problem 33. 

A lightning bolt carried a current of 2 kA and lasted for 3 ms. How many coulombs of 
charge were contained in the lightning bolt? 

Chapter 1, Solutìon 33 

i = ^->q= fidt = 2000x3x10“^ =6C 
dt J — 


Chapter 1, Problem 34. 

Figure 1.32 shows the power consumption of a certain household in one day. 
Calculate: (a) the total energy consumed in kWh, (b) the average power per hour. 

i 2 on w 






2iHnv 


-^^- 1 -^^- 1 -^^^- 1 -^ 

12 2 4 6 S 10 12 2 4 6 9 10 12 


Figure 1.32 


Chapter 1, Solutìon 34 


(a) Energy = = 200 x 6 + 800 x 2 + 200 x 10 + 1200 x 4 + 200 x 2 

- 10 kWh 

(b) Average power = 10,000/24 = 416.7 W 
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Chapter 1, Problem 35. 


The graph in Fig. 1.33 represents the power drawn by an industrial plant between 
8:00 and 8:30 A.M. Calculate the total energy in MWh consumed by the plant. 

3 - - 



^.tííï îí.(.ií a2î> 

Figure 1.33 


Chapter 1, Solution 35 

energy = (5x5 + 4x5 + 3x5 + 8x5 + 4xl0)/60 = 2.333 MWhr 


Chapter 1, Problem 36. 

A battery may be rated in ampere-hours (Ah). A lead-acid battery is rated at 160 Ah. 

(a) What is the maximum current it can supply for 40 h? 

(b) How many days will it last if it is discharged at 1 mA? 


Chapter 1, Solution 36 


(a) 

(b) 


■ 160A h , , 

1 =-= 4A 

40 - 

160Ah _ 160,000h 

” 0.001 A ” 24h/day 


= 6,667 days 
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Chapter 1, Problem 37. 


A 12-V battery requires a total charge of 40 ampere-hours during recharging. How 
many joules are supplied to the battery? 


Chapter 1, Solution 37 

W = pt = vit = 12x 40x 60x60 = 1.728 M.T 


Chapter 1, Problem 38. 

How much energy does a 10-hp motor deliver in 30 minutes? Assume that 1 horsepower 
= 746 W. 


Chapter 1, Solutíon 38 

P = 10hp = 7460 W 

W = pt = 7460 X 30 X 60 J = 13.43 x lO^ .T 


Chapter 1, Problem 39. 

A 600-W TV receiver is tumed on for 4 hours with nobody watching it. If eleetrieity 
costs 10 cents/kWh, how much money is wasted? 


Chapter 1, Solution 39 

W = pt = 600x4 = 2.4 kWh 
C = lOcents x2.4 = 24 cents 
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Chapter 2, Problem 1. 


The voltage across a 5-kí2 resistor is 16 V. Find the cuiTent through the resistor. 

Chapter 2, Solution 1 

v = iR i = v/R = (16/5) mA = 3.2 mA 

Chapter 2, Problem 2. 

Find the hot resistance of a lightbulb rated 60 W, 120 V. 

Chapter 2, Solutìon 2 

p = v^/R R =v^/p = 14400/60 = 240 ohms 
Chapter 2, Problem 3. 

A bar of silicon is 4 cm long with a circular cross section. If the resistance of the bar is 
240 Q at room temperature, what is the cross-sectional radius of the bar? 

Chapter 2, Solution 3 

For silicon, p - 6.4x10^ D-m. A = Trr ^. Hence, 

= 0.033953 

A Tir ttR 71x240 

1 = 0.1843 m 


Chapter 2, Problem 4. 

(a) Calculate cuiTent i in Fig. 2.68 when the switch is in position 1. 

(b) Find the cuiTent when the switch is in position 2. 

Chapter 2, Solution 4 

(a) i = 3/100 = 30 mA 

(b) i = 3/150 = 20 mA 
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Chapter 2, Problem 5. 


For the network graph in Fig. 2.69, find the number of nodes, branches, and loops. 
Chapter 2, Solutìon 5 

n = 9; / = 7; b = n + /-l = 15 

Chapter 2, Problem 6. 

In the network graph shown in Fig. 2.70, deteimine the number of branehes and nodes. 
Chapter 2, Solution 6 

n = 12; / = 8; b = n + /-l = 19 

Chapter 2, Problem 7. 

DeteiTnine the number of branehes and nodes in the eireuit of Fig. 2.71. 

in 4Q 



Chapter 2, Solution 7 


6 branches and 4 nodes. 
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Chapter 2, Problem 8. 


Use KCL to obtain cunents /i, / 2 , and /3 in the eircuit shown in Fig. 2.72. 
Chapter 2, Solutìon 8 



Atnodea, 8=12 + ii —► ii = - 4A 

At node c, 9 = 8 + i^ —► L = lA 

Atnoded, 9=12 + Ì 3 —► h = -3A 

Chapter 2, Problem 9. 



4 A 

Figure 2.73 For Prob. 2.9. 


Chapter 2, Solution 9 

AtA, 2 + 12 = /^ - > i^= ì4 A 

AtB, 12 = 1^+14 - > U - -2 A 


AtC, 14 = 4 + 4 -^ 4 = 1Q A 

PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pait 


of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written Dermission of the Dublisher, or used bevond the limited distribution to teachers and educators 


vou aie usine it without Dermission. 





Chapter 2, Problem 10. 


In the circuit in Fig. 2.67 dccrcasc in R 3 lcads to a dccrcasc of: 

(a) cuiTcnt through R 3 

(b) voltagc through R 3 

(c) voltagc across Ri 

(d) powcr dissipatcd in R 2 
(c) nonc of thc abovc 

Chapter 2, Solutìon 10 



At nodc 1, 
Atnodc 3, 


4 + 3 — ii —► ii — 7A 
3 + Ì 2 = -2 —► Ì2 = -5A 


Chapter 2, Problem 11. 


In thc circuit of Fig. 2.75, calculatc Vi and V 2 . 


+ 

Vi 


+ 1 V - + 2 V - 



Figure 2.75 For Prob. 2.11. 

Chapter 2, Solution 11 

-V;+l + 5 = 0 -> F, =6 V 

-5 + 2 + V2=0 -> V = 3 V 
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Chapter 2, Problem 12. 

In the circuit in Fig. 2.76, obtain vi, and V 3 . 


Chapter 2, Solutìon 12 


+ 15V- 


+ 

V3 



For loop 1, 
For loop 2 , 
For loop 3, 


-20-25 +10+Vi = 0 
-IO+I 5 -V 2 = 0 
-V1+V2 + V3 = 0 



vi = 35v 
v?, = 5v 
v^ = 30v 
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Chapter 2, Problem 13. 


For the circuit in Fig. 2.77, usc KCL to find thc branch cuircnts h to /4. 


2 A 



Figurc 2.77 

Chapter 2, Solution 13 


?A 




At nodc 2, 

3 + 7 + 12=0 -> 

Atnodc 1, 

h+l2=2 -> 

At nodc 4, 

2 = 14+4 -> 

Atnodc 3, 

7 + 14 = h -> 

Hcncc, 


/2 = -lOA 
Ij=2-l2 =12A 
I 4 =2-4 =-2 A 
h=7-2=5A 


Ij = 12 A, I 2 = -10 A, h = h = -2A 
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Chapter 2, Problem 14. 


Given the circuit in Fig. 2.78, use KVL to find the braneh voltages V[ to V 4 . 



Figure 2.78 

Chapter 2, Solution 14 



Formesh 1, 

-¥^+2 + 5 = 0 -> V4=7V 

For mesh 2, 

+4 + V^-^V 4=0 -> v^=-4-7 = -llV 

For mesh 3, 

-3 + Vj-V^=0 -> =y^+3 = -8V 

For mesh 4, 


-Vj-V 2-2 = 0 -> y^=-y^-2 = 6V 

Thus, 

y^ = -gy, V 2 = 6V, V_^ = -IIV, V4=7V 
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Chapter 2, Problem 15. 


Calculate v and ix in the circuit of Fig. 2.79. 

12Q + 8V - 



Figure 2.79 For Prob. 2.15. 


Chapter 2, Solutìon 15 


Forloop 1, -12 + v+2 = 0, v = 10 V 


For loop 2, -2 + 8 + 3ix =0, ix = -2 A 


Chapter 2, Problem 16. 


Deteimine Vo in the circuit in Fig. 2.80. 

6Q 2Q 



Apply KVL, 

-9 + (6+2)1 + 3 = 0, 81 = 9-3=6 , 1 = 6/8 

Also, 

-9 + 61 + Vo = 0 
Vo = 9- 61 = 4.5 V 
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Chapter 2, Problem 17. 


Obtain vi through V 3 in the circuit in Fig. 2.78. 

Chapter 2, Solutìon 17 

Applying KVL around thc cntirc outsidc loop wc gct, 

—24 + vi + 10 + 12 = 0 or Vi = 2V 

Applying KVL around thc loop containing V 2 , thc 10-volt sourcc, and thc 12-volt 
sourcc wc gct, 

V 2 + 10 + 12 = 0 or V 2 = -22V 

Applying KVL around thc loop containing V 3 and thc 10-volt sourcc wc gct, 

-V3 + 10 = 0 or V3 = lOV 

Chapter 2, Problem 18. 

Find / and Vah in thc circuit of Fig. 2.79. 

Chapter 2, Solution 18 

APPLYING KVL, 

-30-10+8 +1(3+5) = 0 
81 = 32 —► I = 4A 

-Vab + 51 + 8 = 0 —► Vab - 28V 
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Chapter 2, Problem 19. 


From the circuit in Fig. 2.80, find /, thc powcr dissipatcd by thc rcsistor, and thc powcr 
supplicd by cach sourcc. 

Chapter 2, Solution 19 

APPLYING KVL AROUND THE LOOP, WE OBTAIN 
-12+10-(-8) + 3i = 0—► i = -2A 
Powcr dissipatcd by thc rcsistor: 

P3„ = ì'R = 4(3) = 12W 
Powcr supplicd by thc sourccs: 

Pi2v-12((-2)) = -24W 
Pinv-10(-(-2)) = 2QW 
P8v=(- 8)(-2)= l^ 


Chapter 2, Problem 20. 

Dctciminc L in thc circuit of Fig. 2.81. 

Chapter 2, Solution 20 

APPLYING KVL AROLÍND THE LOOP, 
-36 + 4io + 5io — 0 -► in ~ 4A 
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Chapter 2, Problem 21. 

Find Vx in the circuit of Fig. 2.85. 


15 V 



+ 

Vx 


Figure 2.85 For Prob. 2.21. 


Chapter 2, Solutìon 21 

Applying KVL, 

-15+ (1+5+2)! +2 Vx =0 
But Vx = 51, 

-15+81+101=0, 1 = 5/6 

Vx = 51 = 25/6 = 4.167 V 
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Chapter 2, Problem 22. 

Find Vo in the circuit in Fig. 2.85 and thc powcr dissipatcd by thc contiollcd sourcc. 

Chapter 2, Solutìon 22 


4Q 



2Vo 


At thc nodc, KCL rcquircs that 

^ + 10 + 2v„=0—► Vn= -4A44V 
4 

The cuiTent through the conholled source is 
i = 2Vo = -8.888A 
and the voltage across it is 


V = (6 + 4) io (where io = Vo/4) = 10 — = -11.111 

4 


Hence, 


P2 Vì = (-8.888)(-11.111)= 98.75 W 
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Chapter 2, Problem 23. 


In the circuit shoAvn in Fig. 2.87, dctcmiinc Vx and thc powcr absorbcd by thc 12- 
D rcsistor. 


la 1.2 n 



Figurc 2.87 


Chapter 2, Solutìon 23 

8//12 = 4.8, 3//6 = 2, (4 + 2)//(1.2 + 4.8) = 6//6 = 3 
Thc circuit is rcduccd to that shown bclow. 


ix 



Applying cuiTcnt division, 

i = - - - (6A) = 2A, = i/’ = 2V 

2+i+J — 

Thc cuiTcnt through thc 1.2- Q rcsistor is 0.5ix = 1A. Thc voltagc across thc 12- Q 
rcsistor is 1 x 4.8 = 4.8 V. Hcncc thc powcr is 


4 . 8 ^ 


: L92W 
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Chapter 2, Problem 24. 

For the circuit in Fig. 2.86, find Vo / K in tenns of a, R[, R?,, and R 4 . If R\= R 2 = ^ 3 ,= 

i? 4 , what value of a will produce | / V,\ = 10? 

Chapter 2, Solutìon 24 


(a) 


Io = 


r 

+R 2 


n = 

V5 


-«10(^311^4) 


aVs 

R1 + R 2 


-oR^R^ 

ÌR,+R,)ÌR,+R,) 


R3R4 

R3 +R4 


(b) IfRi = R2 = R3 = R4 = R, 


Vs 


a R 
2R 2 



a = 40 


Chapter 2, Problem 25. 

For the network in Fig. 2.88, find the cunent, voltage, and power associated with the 20- 
kD resistor. 


Chapter 2, Solutìon 25 

Vo = 5xlO'^xlOxlO^ = 50V 

Using cunent division, 

I 20 = ^—(0.01x50) = 0.1 A 
5 + 20 - 

V2o = 20x0.1 kV = 2 kV 

P20 = l20V20 = MkW 
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Chapter 2, Problem 26. 

For the circuit in Fig. 2.90, io =2 A. Calculatc ix and the total power dissipated by the 
circuit. 


> ix 



Figure 2.90 For Prob. 2.26. 

Chapter 2, Solution 26 

If ii 6 = io = 2A, thcn V = 16x2 = 32 V 

1 .---AA, —= 8 A, 1 . = —= 16 

«8 ’ " 4 '2 

= ^2 "I" Ì 4 + 4 ‘^16 —16 + 8 + 4 + 2 = 30 A 

P = Y^eR = \6‘x2 + %‘x^ + A‘x% + 2‘xì6 = 960 W 
or 

p = /V = 30x32 = 960 W 

Chapter 2, Problem 27. 

Calculate Vo in the circuit of Fig. 2.91. 

4D 



Figure2.91 For Prob. 2.27. 

Chapter 2, Solution 27 

Using voltage division. 


V 


4 + 16 


(16V) = 6.4 V 
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Chapter 2, Problem 28. 



Chapter 2, Problem 30. 


Find Req for the circuit in Fig. 2.94. 


6 Q 6 0 



Figure 2.94 For Prob. 2.30. 


Chapter 2, Solution 30 


We stait by combining the 6-ohm resistor with the 2-ohm one. We then end up with an 
8-ohm resistor in parallel with a 2-ohm resistor. 


(2x8)/(2+8) = 1.6 O 


This is in series with the 6-ohm resistor which gives us, 


tCq-6+1.6- 7.6 O . 
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Chapter 2, Problem 31. 

For the circuit in Fig. 2.95, detennine ii to Ì 5 . 



Figure 2.95 For Prob. 2.31. 


Chapter 2, Solutìon 31 


R =3 + 2//4//l = 3-h-= 3.5714 

1/2 + 1/4 + 1 


40 


= 


' 3.5714 


= 11.2 A 


Vj =0.5714 xí; =6.4V, i, =^ = 1.6 A 


Ì 4 = Y = 6.4 A , h = ^ = 3.2 A . 4 =4 + 4 = 9.6 A 
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Chapter 2, Problem 32. 

Find i{ through 4 in the circuit in Fig. 2.96. 


Chapter 2, Solutìon 32 

Wc first combinc rcsistors in parallcl. 


20||30= 12ÍÎ 

" 50 


,0||40= Í^=8íî 


Using cuiTcnt division prínciplc, 

i, +i, = — ^(20) = 8A,Ì3 +i, = — (20) = 12A 

1 2 ^ 20 


i =—(8)= 3.2 A 
‘ 50 - 


30 

i =_(8)= 4.8 A 
50 - 


i, = —(12)= 2.4A 
' 50 - 


40 

Ì4 = —(12)= 9.6 A 
50 - 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pait 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher, or used bevond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without permission. 



Chapter 2, Problem 33. 

Obtain v and i in the circuit in Fig. 2.97. 


Chapter 2, Solution 33 

Combining the conductance leads to the equivalent eireuit below 

i 4S i 



2S 


65||3S' = — = 2S and 2S + 2S = 4S 


Using cuiTent division. 
1 


1 = 


i+i 

2 


(9)= 6A,v=3(l) = 3V 
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Chapter 2, Problem 34. 

Using series/parallel resistance combination, find the equivalent resistance seen by the 
souree in the circuit of Fig. 2.98. Find the overall dissipated power. 


20^ 8Q lOQ 



20 Q 


Figure 2.98 For Prob. 2.34. 


Chapter 2, Solution 34 

40/7(10 + 20+ 10)= 20 n, 

40/7(8+12+ 20) = 20 Q 

=20 + 20 = 40 Q 

V 12^ 

/= — = 12/40, P = VI = -= 3.6W 

R 40 - 

eq 
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Chapter 2, Problem 35. 

Calculate Vo and lo in the circuit of Fig. 2.99. 

Chapter 2, Solutìon 35 
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Chapter 2, Problem 36. 

Find i and Vo in the circuit of Fig. 2.100. 



Figure 2.100 For Prob. 2.36. 


Chapter 2, Solutìon 36 


207/(30+50) = 16, 24+16 = 40, 60/720 = 15 
=10 + (15 + 25)//40 = 10 + 20 = 30 


R., 30 


If ii is thc cuiTcnt through thc 24-Q rcsistor and io is thc cuircnt through thc 50-Q 
rcsistor, using cuncnt division givcs 

=0.05 A 


-i = 0.25A, 
‘ 40-^40 

V =30/ =30.ï0.05 = 1.5 V 


20-^80 
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Chapter 2, Problem 37. 


Find R for the circuit in Fig. 2.101. 



Figure 2.101 For Prob. 2.37. 


Chapter 2, Solution 37 


Applying KVL, 

-20+ 10+ 101-30 = 0, 1 = 4 


10 = RI -> —= 2.5Í1 

I 
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Chapter 2, Problem 38. 


Find Req and io in the circuit of Fig. 2.102. 

60 n 



Figure 2.102 For Prob. 2.38 


Chapter 2, Solution 38 


20//80 = 80x20/100 = 16, 6//12 = 6x12/18 = 4 
The circuit is reduced to that shown below. 



(4 + 16)//60 = 20x60/80 = 15 
R.j=15//15 + 5 = 12.5n 


4=^ = 3.2A 

R.. - 
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Chapter 2, Problem 39. 


Evaluate R^q for each of the cireuits shown in Fig. 2.103. 


— 



6kQ 

AAA 


2kn 

1 Uì 

AAA 

_ 

4kfì 

_AAA_ 

12 kD 
AAA 

2kf2 

) - 

^ 1 kn 

n - 

12 kQ : 


(a) (b) 

Figure 2.103 For Prob. 2.39. 


Chapter 2, Solution 39 

(a) We note that the top 2k-ohm resistor is actually in parallel with the first lk-ohm 
resistor. This can be replaced (2/3)k-ohm resistor. This is now in series with the second 
2k-ohm resistor which produces a 2.667k-ohm resistor which is now in parallel with the 
second lk-ohm resistor. This now leads to, 

R,q = [(lx2.667)/3.667]k = 727.3 fì . 

(b) We note that the two 12k-ohm resistors are in parallel producing a 6k-ohm resistor. 
This is in series with the 6k-ohm resistor which results in a 12k-ohm resistor which is in 
parallel with the 4k-ohm resistor producing, 

R,q = [(4xl2)/16]k = 3kí2. 

Chapter 2, Problem 40. 

For the ladder network in Fig. 2.104, find I and R^q. 

Chapter 2, Solution 40 


REQ = 3 + 4|(2 + 6||3) = 3 + 2 

I=-^ = l^=2A 

Req 5 
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Chapter 2, Problem 41. 

If T^eq = 50 Q in the circuit in Fig. 2.105, fìnd R. 


Chapter 2, Solutìon 41 

Let Ro = combination of three 12Q resistors in parallel 


1 _ 1 1 1 13 

— —-1-1--► Ro — 4 

R,, 12 12 12 


= 30 + 60||(10 + R„ + R) = 30 + 60||(14 + R) 
60(14+ R) _ 


50 = 30 + - 


74+ R 


74 + R = 42 + 3R 


01 R = 16 Q 


Chapter 2, Problem 42. 

Reduce each of the circuits in Fig. 2.106 to a single resistor at teiTninals a-b. 


Chapter 2, Solutìon 42 


(a) Rah = 5 


(8 + 20||30) = 5 


1(8 + 12 ) = ^^= 4 fì 
' 25 - 


(b) Rab=2 + 4 


(5 + 3) 


8 + 5 1 0 4 = 2 + 4 4 + 5 2.857 = 2 + 2 + 1.8181= 5.818 Q 
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Chapter 2, Problem 43 

Calculate the equivalent resistanee Rah at temiinals a-b for eaeh of the cireuits in 
Fig.2.107. 


Chapter 2, Solution 43 


(a) Rab = 5 


20 + 10 


1 ,^ 5x20 400 , „ 

40 =-+-= 4 + 8 = 12 n 

25 50 - 


(b) 60||20||30= I —+ —+ ^ 


= —= 10Í2 
60 20 30 J 6 


Rah= 8011(10 + 10) =^^^= 16 0 
" 100 
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Chapter 2, Problem 44. 


For each of the circuits in Fig. 2.108, obtain the equivalent resistance at teiTninals 
a-b. 



5 Q 


15 Q 20 Q 



Figure 2.108 
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Chapter 2, Solution 44 

(a) Conveit T to Y and obtain 




R 1 //O = 0, R 3//5 = 40//5 = 4.444 n 

11{0 + 4A44) = 40 / /4444 = 40. 


(b) 30//(20+50) = 30//70 = 21 Q 

Conveit the T to Y and obtain 

„ 20x10 + 10x40 + 40x20 1400 

R, = -=-= Ì5Q 

^ 40 40 


^400 ^ 1400 , 

- = 70Ç1, R.= - = 140Çì 

20 ^ 10 


The cireuit is reduce 1 t shown below. 
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Combining the resistors in pamllel 


R 1 //I 5 =35//15=10.5, 30//R2=30//70 = 21 
leads to the eircuit below. 


llíì 10.5n 



Coverting the T to Y leads to the eireuit below. 


llíì 10.5n 



10.5//301 = 10.15, 301//21 = 19.63 
R5//(10.15 +19.63) = 45.15//29.78 = 17.94 
R,.u=ll + 17.94 = 28.94Çì 
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Chapter 2, Problem 45. 


Find the equivalent resistance at teiTninals a-b of each cireuit in Fig. 2.109. 


10 n 




Figure 2.109 


Chapter 2, Solutìon 45 


(a) 10//40= 8, 20//30= 12, 8//12 = 4.8 
=5 + 50 + 4.8 = 59.8n 


(b) 12 and 60 ohm resistors are in parallel. Hence, 12//60 =10 ohm. This 10 ohm 
and 20 ohm are in seríes to give 30 ohm. This is in parallel with 30 ohm to give 
30//30= 15 ohm. And 25//( 15+10) = 12.5. Thus = 5 + 12.8 + 15 = 32.5n 
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Chapter 2, Problem 46. 

Find I in the circuit of Fig. 2.110. 


20Q 15Q 



Chapter 2, Solutìon 46 

=4 + 5//20 + ^x15 + 5 + 24//8 = 4 + 4 + 5 + 5 + 6 = 24 
I = 48/24 = 2 A 


Chapter 2, Problem 47. 

Find thc cquivalcnt rcsistancc Rah in thc circuit of Fig. 2.111. 


Chapter 2, Solutìon 47 


5||20=^ = 4fì 


6 3: 


25 

6x3 


9 


= 2Q 

10 n 

l^VVl^A 


4Í2 


8 Q 

% IQ. 


R,^ = 10 + 4 + 2 + 8 = 24fì 
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Chapter 2, Problem 48. 

Conveit the circuits in Fig. 2.112 fiom Y to A. 

Chapter 2, Solution 48 


/A\ n _ +R-,R3 + R3R1 100 + 100 + 100 

(A) Ra =-^^-=-= 30 


(b) 


R, 


10 


Ra = Rb = Rc = 30fì 

30x20 + 30x50 + 20x50 3100 


R 


30 


30 


:103.3Q 


^ 3100 „ 3100 

R| —-— 155Í2, R —-— 62£2 

20 50 

Ra = 103.3 fì . Rb = 155 Q, Rc = 62 Q 


Chapter 2, Problem 49. 

Transfoim the circuits in Fig. 2.113 fi'om A to Y. 


Chapter 2, Solution 49 


(A) 


Ri = 




+Rb +^c 
R] = R 2 = R 3 = 4 Q 


12*12 

36 


= 4Q 


(b) 


R,=^^^ = 18Q 


R, 


60 + 30 + 10 
60x10 


R3 = 


100 

30x10 

100 


6 Q 


= 3Q 


Ri = 18Q, R 2 = 6 Q, R 3 = 3Q 
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Chapter 2, Problem 50. 

What value of R in the cireuit of Fig. 2.114 would cause the eunent source to deliver 800 
mW to the resistors. 

Chapter 2, Solution 50 

Using = 3 Ry = 3R, we obtain the equivalent circuit shown below: 



3R R = 


3RxR 

4R 


:1r 

4 


3R||(3RxR)/(4R) = 3/(4R) 


3R -R + -R =3R -R = 


.4 4 

P = I^R — 
R= 889 fì 


3Rx-R 
2 

' 2 3 

3R+ R = R 
2 

800x 10-^ = (30x IO'Yr 
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Chapter 2, Problem 51. 

Obtain the equivalent resistance at the temiinals a-b for each of the eircuits in Fig. 2.115. 

Chapter 2, Solutìon 51 


(a) 30||30 = 15n and 30||20 = 30x20/(50) = 12Í2 

Rah= 1511(12 + 121 = 15x24/(391 = 9.231 Q 



(b) Conveiting the T-subnetwork into its equivalent Anetwork gives 

Rav = 10x20 + 20x5 + 5x10/(5) = 350/(5) = 70 Q 
Rh'c' = 350/(10) = 35Í2, Ra'c’ = 350/(20) = 17.5 Q 

Also 30||70 = 30x70/(100) = 21Q and 35/(15) = 35x15/(50) = 10.5 
Rah = 25 + 17.5||(21 +10.5) = 25 +17.5||31.5 
Rab = 36.25 fì 


30 



30 Q. 
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Chapter 2, Problem 52. 

For the circuit shown in Fig. 2.116, find the equivalent resistance. All resistors are IQ. 



Figure 2.116 For Prob. 2.52. 
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Chapter 2, Solutìon 52 

Conveiting the wye-subnetwork to delta-subnetwork, we obtain the eireuit below. 

1 Q 3Q 




We now conveit the wye-subnetwork to the delta-subnetwork. 
^ ^ 0.75x1+ 0.75.1 +0.75- 



r, -.-r/r//^ 3.2.065 2.75.2/3 .-rr,-, 

/? = 3 // 2.0625 + 2 . 1511 - = -+-= 1.7607 

3 5.0625 2/3 + 2.75 


/?,= 1 + 1 + 2.75//1.7607 = 2 + 


2.75.1.7607 
2.75 + 1.7607 


= 3.0734 íí 
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Chapter 2, Problem 53. 


Obtain the equivalent resistance Rah in each of the circuits of Fig. 2.117. In (b), all 
resistors have a value of 30 Q. 


Chapter 2, Solutìon 53 

(a) Conveiting one A to T yields the equivalent eireuit below: 


30 n 



Ra'n - 


40x10 


40 + 10 + 50 
Rab = 20 + 80 + 20+ (30 + 

Rab = 142.32 Q 


^ 10x50 ^ 40x50 

40, R|,.„ —-— 50, R...f, —-— 200 

’ u n 1 r\f\ ’ n 


100 

+ 5) = 120 + 34||65 


100 


(c) 


We combine the resistor in series and in parallel. 


3011(30 +30) = ^^^ = 20n 
" 90 


We conveit the balanced A s to Ts as shown below; 



Rab= 10+ (10 + 10)||(10+20 + 10) + 10 = 20 + 20||40 
R.h = 33.33 fì 
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Chapter 2, Problem 54. 


Consider the eircuit in Fig. 2.118. Find the equivalent resistance at teiTninals: 
(a) a-b, (b) c-d. 


a - VW\r 





100 £1 


h 


vwv 

150 a 


d 


Figure 2.118 


Chapter 2, Solutìon 54 


(a) =50 +10011{150 +100 + 150) = 50 +100 /1400 = 130ÍÌ 

(b) Rah =60 + 1001 /{150 + 100 + 150 ) =60 + 100 / /400 = 140 a 
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Chapter 2, Problem 55. 


Calculate lo in the eireuit of Fig. 2.119. 


Chapter 2, Solution 55 

We eonveil the T to A. 


lo 



Rac = 1400/(10) = 140D, Rbc = 1400/(20) = 70Q 
70||70 = 35 and 140||l60= 140x60/(200)^42 

Req = 35||(35 + 42) = 24.0625Q 
lo = 24/(Rah) = 997.4mA 





Chapter 2, Problem 56. 


Deteimine V in the eircuit of Fig. 1.120. 

Chapter 2, Solutíon 56 

We need to fínd Req and apply voltage division. We fírst tranfoim the Y network to A. 

30 a 30 £2 



Rac = 450/(10) = 45Í2, Rbc = 450/(15) = 30Í2 
Combining the resistors in parallel, 


30||20 = (600/50) = 12Í2, 
37.5||30 = (37.5x30/67.5) = 16.667 Q. 

35||45 = (35x45/80) = 19.688 Q 
Req = 19.68811(12 + 16.667) = 11.672Q 

By voltage division, 

V = _LL^Z^100 = 42.18 V 
11.672 + 16 - 




Chapter 2, Problem 57. 

Find /?eq and / in the circuit of Fig. 2.121. 


Chapter 2, Solution 57 



Rab - 
Rac - 
Rde = 
Ref- 


6x12 + 12x8 + 8x6 _ 216 _ 

12 12 

216/(8) = 27í2,Rbc = 36 Q 

4x2+ 2x8+ 8x4 56^^ 

-= —7 fî 

8 8 

56/(4) = 14Q, Rjf = 56/(2) = 28 
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Combining resistors in parallel, 


10||28 


27 3 = 


280 
’ 38 
27x3 
30 


7.368Q, 36||7 
2.7Í2 


^^ = 5.868íl 
43 



R, 


Ru„ = 


18x2.7 


18 + 2.7 + 5.867 
18x5.868 


26.567 

5.868x2.7 


18x2.7 
26.567 

= 3.977 D. 


1.829 D 


= 0.5904 D 


26.567 

R,^ = 4 + 1.829 + (3.977 + 7.368)||(0.5964 +14) 
= 5.829 +11.346||14.5964= 12.21 fì 
Ì = 20/(Req) = 1.64 A 
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Chapter 2, Problem 58. 

The lightbulb in Fig. 2.122 is rated 120 V, 0.75 A. Calculate to make the lightbulb 
operate at the rated conditions. 


Chapter 2, Solution 58 

The resistor of the bulb is 120/(0.75) = 160Q 


40 2.25 A 1.5 A 



Once the 160Q and 80Q resistors are in parallel, they have the same voltage 120V. 
Hence the cuiTent through the 40Q resistor is 

40(0.75 + 1.5) = 2.25 x40 = 90 


Thus 


Vs = 90 + 120 = 210V 


Chapter 2, Problem 59. 

Three lightbulbs are connected in seríes to a 100-V batteiy as shown in Fig. 2.123. Find 
the cuiTent I through the bulbs. 

Chapter 2, Solution 59 

TOTAL POWER P = 30 + 40 + 50 + 120 W = VI 
ORI = P/(V) = 120/(100) = 1.2 A 
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Chapter 2, Problem 60. 

If the three bulbs of Prob. 2.59 are eonneeted in parallel to the 100-V batteiy, ealculate 
the cunent through each bulb. 

Chapter 2, Solutìon 60 

p = iv i 

Ì3ow = 30/(100) 

Ì4ow ~ 40/(100) 

Ì5ow = 50/(100) 

Chapter 2, Problem 61. 

As a design engineer, you are asked to design a lighting system consisting of a 70-W 
power supply and two lightbulbs as shown in Fig. 2.124. You must seleet the two bulbs 
fì'om the following three available bulbs. 

R{ = 80Q, cost = $0.60 (standard size) 

R 2 = 90Q, cost = $0.90 (standard size) 

7?3 = 100 Q, eost = $0.75 (nonstandard size) 

The system should be designed for minimum cost such that / = 1.2 A ± 5 percent. 

Chapter 2, Solutìon 61 

There are three possibilities, but they must also satisfy the cunent range of 1.2 ± 
0.06 = 1.26 and 1.2 - 0.06 = 1.14. 

(a) Use Ri and R^: 

R= R,||R. =80||90 = 42.350 
p = i^R = 70W 

= 70/42.35 = 1.6529 or i = 1.2857 (which is outside our range) 
cost = $0.60 + $0.90 = $1.50 


= p/(v) 

= 0.3 A 
= 0.4 A 
= 0.5A 


(b) UseRiandR^: 

R= RJIR 3 =80||100 = 44.44 Q 

i^ = 70/44.44 = 1.5752 or i = 1.2551 (whieh is within our range), cost = $1.35 

(e) UseR^andR^: 

R = R^lR^ =90|100 = 47.37Q 

i^ = 10141.31 = 1.4777 or i = 1.2156 (which is within our range), cost = $1.65 

Note that cases (b) and (e) satisfy the eunent range eríterìa and (b) is the cheaper 
of the two, hence the eoneet ehoiee is: 


Rí and 
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Chapter 2, Problem 62. 


A three-wire system supplies two loads A and B as shown in Fig. 2.125. Load A 
consists of a motor drawing a cuiTent of 8 A, while load 5 is a PC drawing 2 A. 
Assuming 10 h/day of use for 365 days and 6 cents/kWh, calculate the annual 
energy cost of the system. 



Figure 2.125 

Chapter 2, Solutìon 62 

Pa = 110x8 = 880 W, pb = 110x2 = 220 W 
Energy cost = $0.06 x 365 xlO x (880 + 220)/1000 = $240.90 


Chapter 2, Problem 63. 

If an ammeter with an intemal resistance of 100 Q and a cuiTent capacity of 2 mA is to 
measure 5 A, deteimine the value of the resistance needed. Calculate the power 
dissipated in the shunt resistor. 

Chapter 2, Solution 63 

Use eq. (2.61), 


Rn = 


I-I. 




2xl0~^xl00 

5-2xl0~' 


0.04Q 


In = I - Im = 4.998 A 

I^R = (4.998)^(0.04) = 0.9992 W 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou aie using it without permission. 




















Chapter 2, Problem 64. 


The potentiometer (adjustable resistor) Rx in Fig. 2.126 is to be designed to adjust cunent 
Ix fì'om 1 A to 10 A. Calculate the values of R and Rx to achieve this. 


Chapter 2, Solutìon 64 

WhenRx = 0, i =10A R=llí^ = lin 

10 

When Rx is maximum, i^ = 1A ^ R + R^ = 


110 


= 110 n 


i.e.,Rx= 110-R = 99Q 
Thus, R = 11 Q . Rx = 99 íì 

Chapter 2, Problem 65. 


A d’Arsonval meter with an intemal resistance of 1 kT2 requires 10 mA to produce full- 
scale deflection. Calculate the value of a seríes resistance needed to measure 50 V of full 
scale. 


Chapter 2, Solutìon 65 

V 50 

R =^-R„ =-lfcQ= 4KQ 

If, lOmA - 


Chapter 2, Problem 66. 

A 20-kQW voltmeter reads 10 V full scale, 

(a) What series resistance is required to make the meter read 50 V full scale? 

(b) What power will the seríes resistor dissipate when the meter reads full scale? 


Chapter 2, Solutìon 66 


20 kQW = sensitivity = — 


i.e.,Ifs= —kQ/V = 50 pA 
20 

V. 

The intended resistance Rm = = 10(20kQ/V) = 200kQ 

^ís 

V 50 V 

(a) R = ^ _ = -200 kQ = 800 hQ 

if, 50 |liA - 

(b) p = I^R, = (50 pA)'(800 kD) = 2 mW 
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Chapter 2, Problem 67. 


(c) Obtain the voltage in the cireuit of Fig. 2.127. 

(d) DeteiTnine the voltage v o rneasured when a voltmeter with 6-kí2 intemal 
resistance is connected as shown in Fig. 2.127. 

(e) The finite resistance of the meter inti'oduces an eiror into the measurement. 
Calculate the percent eiTor as 

V — v’ 

^ xl00%. 

(f) Find the percent eiTor if the intemal resistance were 36 kfl. 


Chapter 2, Solutìon 67 

(c) By cuiTent division, 


io = 5/(5 + 5) (2 mA) = 1 mA 

Vo = (4 kn) io = 4 X lO^ X 10'^ = 4 V 

(d) 4k||6k = 2.4kQ. By cuiTent division, 

5 


1 + 2.4+ 5 


(2mA) = 1.19mA 


(2.4 kQ)(1.19 mA) = 2.857 V 


(e) % eiTor = 


X 100% = 


1.143 


xl 00 =28.57% 


(f) 4k||36 kí2 = 3.6 kí2. By euirent division, 
5 


1 + 3.6 + 5 


(2mA) = 1.042mA 


Vo(3.6kQ)(1.042mA) = 3.75V 


% eiTor = 


V-V, 


xl 00% = = 6.25% 
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Chapter 2, Problem 68. 


(f) Find the cuiTent i in the circuit of Fig. 2.128(a). 

(g) An ammeter with an intemal resistance of 1 is inseited in the network to 
measure i' as shown in Fig. 2.128 (b). What is i ? 

(h) Calculate the percent eiror inti'oduced by the meter as 


i -i 


xl00% 


Chapter 2, Solutìon 68 


(F) 

(G) 

(H) 


40 = 24||60íî 


16 + 24 
4 

16 + 1 + 24 


0.1 A 

= 0.09756 A 


% en-or = 0-1 xl00% = 2.44% 

0.1 - 
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Chapter 2, Problem 69. 


A voltmeter is used to measure Vo in the eireuit in Fig. 2.122. The voltmeter model 
consists of an ideal voltmeter in parallel with a 100-kf2 resistor. Let K = 40 V, =10 
kD, and R[ = 20 kD. Calculate Vo with and without the voltmeter when 
(si)R2=lUì (h)R2=lOUì 

(e) 100kQ 


Chapter 2, Solutìon 69 


With the voltmeter in place, 


V, 


Ri +Rs -hR, R„ 




where Rm =100 kQ without the voltmeter, 

=- — -Vs 

Rj+R,+Rs 


(a) When R^ = 1 kD, R R, = —kíî 

V V , 2 iQi 

100 

Vo = = 1.278 V (with) 

101 

Vn = r40ì = 1.29 V íwithoutl 
1 + 30 - 

(b) WhenR 2 = 10kí2, R,||R„, =^^ = 9.091kíl 

9 091 

Vn = -140') = 9.30 V íwithì 

9.091 + 30 - 

Vn = ——(40') = 10 V íwithout) 

10 + 30 -- 

(e) When R^ = 100 kQ, R,||R„ = 50kí2 

V„ = (40) = 25 V (withì 

“ 50 + 30 -- 

Vn = (40^1 = 30.77 V (withoutl 

100 + 30 - 
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Chapter 2, Problem 70. 


(a) Consider the Wheatstone Bridge shown in Fig. 2.130. Calculate Va, Vh, and 

(b) Rework part (a) if the ground is placed at a instead of o. 



Figure 2.130 

Chapter 2, Solutìon 70 


(a) Using voltage division, 
-ì25) = 15V 


H =■ 


12v8 

10 


:(25) = lOV 


10vl5 
v,,=v,-v,=15-10 = 5V 


(b) c 



Va = 0; Vac = -(8/(8+12))25=-10V;Vcb= (15/(15+10))25 = 15V. 


Vab = Vac + Vcb = -10 + 15 = SV. 


Vb = -Vab = ZÌV. 
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Chapter 2, Problem 71. 

Figure 2.131 represents a model of a solar photovoltaic panel. Given that Vs = 30 
V, Rj =20n,lL=l A, find Rl. 




í 


ww^ 




Figure 2.131 


Chapter 2, Solution 71 



Given that v, = 30 V, 7?; = 20 Q, 4 = 1 A, íind Rl. 

v, = ìm + Rl) -> Rr=^-R,=—-20 = ion 
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Chapter 2, Problem 72. 

Find Vo in the two-way power divider circuit in Fig. 2.132. 


in in 



Figure 2.132 For Prob. 2.72. 


Chapter 2, Solution 72 

Converting the delta subnetwork into wye gives the circuit below. 


1 



z.„ =t+(i+t)//(i+t) = t+-!-(-)=iD 
"■ 3 3 3 3 2 3 


y„=^^(10) =—(io) = 5 V 
i+z,,. 1+1 — 
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Chapter 2, Problem 73. 


An ammeter model consists of an ideal ammeter in series with a 20-Q resistor. It is 
connected with a current source and an unknown resistor as shown in Fig. 2.133. The 
ammeter reading is noted. When a potentiometer R is added and adjusted until the 
ammeter reading drops to one half its previous reading, then R = 65 íì. What is the value 
of R.,7 



Figure 2.133 


Chapter 2, Solution 73 

By the current division principle, the current through the ammeter will be 
one-half its previous value when 

R = 20 + Rx 

65=20 + Rx—► R. - 45 fì 
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Chapter 2, Problem 74. 


The circuit in Fig. 2.134 is to control the speed of a motor such that the motor draws 
currents 5 A, 3 A, and 1 A when the switch is at high, medium, and low positions, 
respectively. The motor can be modeled as a load resistance of 20 mí2. Determine the 
series dropping resistances and R^,. 



Figure 134 


Chapter 2, Solution 74 

With the switch in high position, 

6 = (0.01 + Rs + 0 . 02 ) X 5 —► R 3 = 1.17 Q 
At the medium position, 

6 = (0.01 + R 2 + R 3 + 0.02) X 3 — ► R 2 + R 3 = 1.97 
orR 2 = 1.97- 1.17 = 0.8 fì 
At the low position, 

6 = (0.01 + Ri + R 2 + R 3 + 0.02) X 1 -► Ri + R 2 + R 3 = 5.97 

R. = 5.97 - 1.97 = 4 Q 
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Chapter 2, Problem 75. 


Find Zab in the four-way power divider circuit in Fig. 2.135. Assume each element is IQ. 


1 1 
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Chapter 2, Problem 77. 


Suppose your circuit laboratory has the following standard commercially available 
resistors in large quantities: 

1.8 Q 20 n 300 n 24kn 56kn 

Using series and parallel combinations and a minimum number of available resistors, 
how would you obtain the following resistances for an electronic circuit design? 

(a) 5D (b) 311.8 Q 

(c) 40kí2 (d) 52.32 kQ 


Chapter 2, Solutìon 77 

(a) 5Q= 10||10 = 20||20||20||20 

i.e., four 20 Q resistors in parallel . 

(b) 311.8 = 300 + 10+ 1.8 = 300+ 20||20 + 1.8 

i.e., one 300fì resistor in series \vith 1.8fì resistor and 
a parallel combination of two 20Í2 resistors . 

(c) 40kQ = 12kD + 28kD = 24||24k + 56k||56k 

i.e., Two 24kfì resistors in parallel connected in series with two 
56kfì resistors in parallel . 

(d) 42.32kí2 = 421 + 320 

= 24k + 28k=320 
= 24k= 56k||56k + 300 + 20 

i.e., A series combination of a 2QQ resistor, 3000 resistor, 

24kfì resistor, and a parallel combination of two 56kfì 
resistors. 
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Chapter 2, Problem 78. 


In the drcuit in Fig. 2.137, the wiper divides the potentiometer resistance between aR 
and (1 - a)R, 0 < a < 1. Find / v,ç. 


R 



Figure 137 


Chapter 2, Solution 78 

The equivalent circuit is shown below: 

R 



(l-a)R 


Vo = 

Vs 


(l-a)R 
R + (l-a)R 

1- a 

2- a 


-Vc = 


1 —a 
2-a 


Vs 
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Chapter 2, Problem 79. 


An electric pencil sharpener rated 240 mW, 6 V is connected to a 9-V battery as shown in 
Fig. 2.138. Calculate the value of the series-dropping resistor R,c needed to power the 
sharpener. 



Figure 138 


Chapter 2, Solution 79 

Since p = v^/R, the resistance of the sharpener is 

R = v^/(p) = 6^/(240 X 10'^) = 150Í2 
I = p/(v) = 240 mW/(6V) = 40 mA 

Since R and Rx are in series, I flows through both. 

IRx = Vx = 9-6 = 3 V 

Rx = 3/(1) = 3/(40 mA) = 3000/(40) = 750 
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Chapter 2, Problem 80. 

A loudspeaker is connected to an amplifìer as shown in Fig. 2.139. If a 10-Í2 
loudspeaker draws the maximum power of 12 W from the amplifier, determine the 
maximum power a 4-Í2 loudspeaker will draw. 



Loudsneaker 


Figure 139 


Chapter 2, Solution 80 

The ampliíier can be modeled as a voltage source and the loudspeaker as a resistor: 



R. 



Ri 


p. R, R, 10 

Hencep =-, ^ = ^ - —(12) = 30_W 

R Pi R^ ^2 ^ 
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Chapter 2, Problem 81. 


In a certain application, the circuit in Figure 2.140 must be designed to meet these two 
criteria: 

(a) Vo/V, = 0.05 (b) i?eq = 40 kí2 

If the load resistor 5 kí2 is tixed, find R[ and to meet the criteria. 


Chapter 2, Solutìon 81 

Let Ri and be in kQ. 


R,,=R,+R,||5 

Vs 5 ||R.+Ri 


( 1 ) 

( 2 ) 


From (1) and (2), 0.05 = -► 2 = 5||R, = or R 2 = 3.333 kQ 

40 " ‘ 5 + R 2 

From (1), 40 = R] + 2 -► R] = 38 kí2 

Thus R. = 38 kfì. R, = 3.333 
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Chapter 2, Problem 82. 

The pin diagram of a resistance array is shown in Fig. 2.141. Find the equivalent 
resistance between the following: 

(a) 1 and 2 (b) 1 and 3 (c) 1 and 4 


Chapter 2, Solutìon 82 

(“) 10 Q 





Ri 4 = 80 + 0 |n 0 +40 +101 + 20 = 80 + 0 + 20 = 100 fì 
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Chapter 2, Problem 83. 


Two delicate devices are rated as shown in Fig. 2.142. Find the values of the resistors R[ 
and R 2 needed to power the devices using a 24-V battery. 

Chapter 2, Solution 83 

The voltage across the fuse should be negligible when compared with 24 
V (this can be cheched later when we check to see if the fuse rating is 
exceeded in the tînal circuit). We can calculate the current through the 
devices. 


Ii = 
h = 


V, 

V2 


45mW 


= 5mA 


9V 

480mW 


= 20mA 


24 


Ifuse I2 



Let R 3 represent the resistance of the tirst device, we can solve for its value írom 
knowing the voltage across it and the current through it. 

R 3 = 9/0.005 = 1,800 

This is an interesting problem in that it essentially has two unknowns, Ri and R2 but only 
one condition that need to be met and that the voltage across R3 must equal 9 volts. Since 
the circuit is powered by a battery we could choose the value of R 2 which draws the least 
current, R2 = 00. Thus we can calculate the value of Ri that give 9 volts across R3. 

9 = (24/(Ri + 1800)) 1800 or Ri = (24/9)1800 - 1800 = 3.0Q0ÍÌ 

This value of Ri means that we only have a total of 25 mA flowing out of the battery 
through the fuse which means it will not open and produces a voltage drop across it of 
0.05V. This is indeed negligible when compared with the 24-volt source. 
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Chapter 3, Problem 1. 

Detemiine Ix in the circuit shown in Fig. 3.50 using nodal analysis. 

1 kn 4kD 



Figure 3.50 For Prob. 3.1. 


Chapter 3, Solution 1 

Let Vx be the voltage at the node between ì-kfl and 4-kD resistors. 


9-1/, v; 

1/( 4k 2k 

/ = L = 3 mA 
^ 2k - 


> '/x = 6 
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Chapter 3, Problem 2. 

For the circuit in Fig. 3.51, obtain vi and 


2 Q 



Figurc 3.51 


Chapter 3, Solution 2 

Atnodc 1, 

= -► 60 = -8vi+5v2 (1) 

10 5 2 

At nodc 2, 

- = 3 + 6 + -^^^—— -► 36 = - 2vi + 3 v2 (2) 

4 2 

Solving (1) and (2), 


vi = 0_V, V2 = 12 V 
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Chapter 3, Problem 3. 

Find the cuiTents ii through U and the voltage Vo in the cireuit in Fig. 3.52. 




!'■ 



1'^ 

10.% ( 

) "'OÍ 

1 20 o ; 

1 30ÍÏ í 

: 2a(^ 

tOíî t 




Figure 3.52 


Chapter 3, Solution 3 

Applying KCL to the upper node, 

V V V V 

10=-^ + ^ + ^ + 2 + -!í- -► Vo = 40V 

10 20 30 60 

i,= ^=4A.i,= ^= 2A.i,= ^= 1.3333 A. ú = ^ = 666.7 mA 
10 - 20 - 30 - 60 - 
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Chapter 3, Problem 4. 

Given the circuit in Fig. 3.53, calculate the cuiTcnts i\ through /4. 



Figure 3.53 


Chapter 3, Solution 4 



Atnode 1, 

4 + 2=vi/(5) + Vi/(10) -► vi=20 

At node 2, 

5 - 2 = V2/(10) + V2/(5)-► V2 = 10 

ii = Vi/(5) = 4A, Ì2 = vi/(10) = 2A, Ì3 = V2/(10) = ÌA.M = V2/(5) = 2A 
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Chapter 3, Problem 5. 

Obtain vo in the circuit of Fig. 3.54. 



Chapter 3, Solution 5 

Apply KCL to the top node. 


30-Vo ^ 20 -vq 
2k 5k 


Zo 

4k 


> vo = 20 V 


Chapter 3, Problem 6. 

Use nodal analysis to obtain vo in the circuit in Fig. 3.55. 



Figure 3.55 

Chapter 3, Solution 6 

Ìl + Ì2 + Ì3 = 0 


V,-12 v„ v„-10 
^-+ —+ -ÍÍ- 

4 6 2 


= 0 


or vn = 8.727 V 
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Chapter 3, Problem 7. 

Apply nodal analysis to solve for Vx in the eireuit in Fig. 3.56. 



Figure 3.56 For Prob. 3.7. 


Chapter 3, Solution 7 

-2 + "^^ + ~Q + o 2 V ^ =0 

10 20 

0.35Vx = 2 or V^ = 5.714 V . 

Substituting into the orìginal equation for a eheck we get, 

0.5714 + 0.2857+ 1.1428= 1.9999 checks! 
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Chapter 3, Problem 8. 

Using nodal analysis, find Vo in the circuit in Fig. 3.57. 


3 Q 5 £2 



Chapter 3, Solution 8 



Ì2 + Ì3 - 0 


-> — + 


Vi-3 , V,-4v„ 


1 


= 0 


2 8 
But v„ = jVj so that Vi + 5vi - 15 + V| - jVi = 0 

or vi = 15x5/(27) = 2.778 V, therefore v» = 2v,/5 = 1.1111 V 
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Chapter 3, Problem 9. 

Detemiine Ibin the cireuit in Fig. 3.58 using nodal analysis. 



Chapter 3, Solution 9 

Let Vi be the unknown node voltage to the rìght of the 250-íl resistor. Let the ground 
reference be placed at the bottom of the 50-íl resistor. This leads to the following nodal 
equation: 


Vi-24 V-O Vi-ÓOIu-O 

— - + — - + — - - - = 

250 50 150 

simplifying we get 

3Vi - 72 + 15Vi + 5Vi - 300Ii3 = 0 


But fy 


24-Vi 

250 


Substituting this into the nodal equation leads to 


24.2Vi-100.8 = 0 orVi = 4.165 V. 
Thus, Ib = (24 - 4.165)/250 = 79.34 mA . 
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Chapter 3, Problem 10. 

Find io in the circuit in Fig. 3.59. 


1 íï 



Figurc 3.59 

Chapter 3, Solution 10 



2vo 


At the non-reference node, 

12-Vi Vi^ Vi-2v„ 

3 8 6 


But 

-12 + Vo + Vi = 0 -► Vo = 12 - V] 


( 1 ) 

( 2 ) 


Substituting (2) into (1), 


12-v, _v, ^ 3V.-24 
3 8 6 


> vn = 3.652 V 
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Chapter 3, Problem 11. 

Find Vo and the power dissipated in all the resistors in the circuit of Fig. 3.60. 



Figure 3.60 For Prob. 3.11. 


Chapter 3, Solution 11 

At the top node, KVL gives 

V,-36 , Vq-O , Vo-(-12) _q 
1 2 4 

1.75Vo =33 or Vo = 18.857V 

Pio = (36-18.857f/1 = 293.9 W 
P 20 = (Vo)^/2 = (18.857)^/2 = 177.79 W 
P 40 = (18.857+12)^/4 = 238 W . 
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Chapter 3, Problem 12. 

Using nodal analysis, determine Vo in the circuit in Fig. 3.61. 


lon 1 Q 



Figure 3.61 For Prob. 3.12. 
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Chapter 3, Solution 12 

There are two unknown nodes, as shown in the circuit below. 



At node 1, 

Vl-30 , Vi-O , Vi-Vq q 
10 2 1 
16Vi -lOVo =30 


At node o. 




1 ^ 5 

-5Vi+6Vo-20Ix =0 

But Ix = Vi/2. Substituting this in (2) leads to 


-1 5Vi + 6Vo = 0 or Vi = 0.4Vo 


Substituting (3) into 1, 


( 1 ) 


( 2 ) 

(3) 


16(0.4Vo) - 1 OVo = 30 or Vo = -8.333 V . 
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Chapter 3, Problem 13. 

Calculate Vi and V 2 in the circuit of Fig. 3.62 using nodal analysis. 



Figure 3.62 


Chapter 3, Solution 13 

At node number 2, [(v 2 + 2) - 0]/10 + ¥^/4 = 3 or V 2 = 8 volts 
But, I = [(V 2 + 2) - 0]/10 = (8 + 2)/10 = 1 amp and Vi = 8x1 = 8volts 
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Chapter 3, Problem 14. 

Using nodal analysis, íînd Vo in the circuit of Fig. 3.63. 


5A 



Figure 3.63 



V — V 40 — V 

Atnode 1, —^-^ + 5 =-- - ► Vi+Vo = 70 (1) 

2 1 


AtnodeO, ^ 4v,-7vo = -20 (2) 

2 4 8 

Solving (1) and (2), vo = 27.27 V 
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Chapter 3, Problem 15. 

Apply nodal analysis to find io and the power dissipated in each resistor in the circuit of 
Fig. 3.64. 


2 A 
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Chapter 3, Solution 15 



Nodes 1 and 2 form a supemode so that vi=V 2+10 (1) 

At the supemode, 2 + 6 vi + 5 v 2 = 3 (vs - v^)-► 2 + 6 vi + 8 v 2 = 3 v 3 (2) 

At node 3, 2 + 4 = 3 (vs - v^)-► V 3 = v^ + 2 (3) 

Substituting (1) and (3) into (2), 

2 + 6 v 2 + 60 + 8 v 2 = 3v2 + 6 -► V 2 = 

vi = V 2 + 10= — 

io = 6vi = 29.45 A 


Pó5 

P55 


v^ f 54^ 

JX = vfG = I — I 6 = 144.6 W 

R ' uU - 

v^G = [^^j 5 = 129.6 W 


P35= (vl -V3fG = (2)U= 12W 
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Chapter 3, Problem 16. 

Determine voltages vi through V 3 in the circuit of Fig. 3.65 using nodal analysis. 

2S 



Figure 3.65 

Chapter 3, Solution 16 


2S 



At the supemode, 

2 = vi + 2 (vi - V3) + 8 (v 2 - V3) + 4 v 2 , which leads to 2 = 3vi + 12 v 2 - IOV3 (1) 
But 

vi = V 2 + 2 vo and Vo = V 2 . 

Hence 

Vi = 3 v2 (2) 

V3=13V (3) 

Substituting (2) and (3) with (1) gives, 

vi = 18.858 V . V 9 = 6.286 V . v. = 13 V 
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Chapter 3, Problem 17. 


Using nodal analysis, íînd current ìo in the circuit of Fig. 3.66. 
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Chapter 3, Solution 17 






Chapter 3, Problem 18. 

Determine the node voltages in the circuit in Fig. 3.67 using nodal analysis. 


10 V 



Figure 3.67 

Chapter 3, Solution 18 



e 


10 V 


+ 

Vi 



+ 

V3 


(b) 


1 0 = - Vi + 2V2 - V3 


At the supemode, 


- + — -► 40 = 2vi + V 3 

2 4 8 


From Fig. (b), - Vi - 10 + V 3 = 0-► V 3 = Vi + 10 

Solving (1) to (3), we obtain vi = 10 V , V2 = 20 V = V3 


( 1 ) 

( 2 ) 

(3) 
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Chapter 3, Problem 19. 

Use nodal analysis to tind vi, and V 3 in the circuit in Fig. 3.68. 



Chapter 3, Solution 19 

Atnode 1, 


y _y y _y y 

5 = 3 + -^-^ + -^ + -^ -> 16 = 7V,-4^3 (1) 

2 8 4 1 . 3 V ; 

At node 2, 


8 2 4 

At node 3, 


^ 0 = -y,+7V,-2^3 


( 2 ) 


12 -V, V,-V V,-K 

3 +-^ + -^ + ^-^ = 0 -> -36 = 4V+2V,-7K (3) 

8 2 4 1 2 3 w 

From (1) to (3), 


^ 7 

-1 

-44 



í 16 ^ 

-1 

7 

-2 


= 

0 

A 2 


UJ 


1-36, 


Using MATLAB, 


V = A'B = 


10 

4.933 

12.267 


+ Vi =10V, V 2 =4.933 V, V 3 = 12.267 V 
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Chapter 3, Problem 20. 

For the circuit in Fig. 3.69, find vi, V 2 , and V 3 using nodal analysis. 


Fl 



12 V 


/TY 




Ff? 




an 


Figure 3.69 


^ A ft 




4S 


Chapter 3, Solution 20 

Nodes 1 and 2 form a supemode; so do nodes 1 and 3. Hence 
V V V 

-í- + ^ + ^ = 0 -> V.+4V,+V, =0 (1) 

4 14 1 .. 3 



Betweennodes 1 and3, 

-Vi+12 + V3=0 -> V,=V,-Ì2 (2) 

Similarly, between nodes 1 and 2, 

V,=V,+2i (3) 

But ì = V^ / 4. Combining this with (2) and (3) gives 

V ^=6 + V ^/2 (4) 

Solving (1), (2), and (4) leads to 

V^ = -3V, V, = 4.5V, V 3 = -15V 
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Chapter 3, Problem 21. 

For the circuit in Fig. 3.70, find vi and V 2 using nodal analysis. 


4kíl 



Figurc 3.70 
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Chapter 3, Solution 21 


4kQ 




Let V 3 be the voltage betxveen the 2kfì resistor and the voltage-controlled voltage source. 
Atnode 1, 

3xl0~" -► 12 = 3 vi-V2-2v3 (1) 

4000 2000 


At node 2, 



> 3vi - 5 v 2 - 2 v 3 = 0 


( 2 ) 


Note that vo = v^. We now apply KVL in Fig. (b) 

- V3 - 3V2 + V2 = 0 -► V3 = - 2V2 (3) 

From (1) to (3), 

vi = lV, V2 = 3V 
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Chapter 3, Problem 22. 

Determine Vi and V 2 in the circuit in Fig. 3.71. 


8Q 



Figure 3.71 


Chapter 3, Solution 22 


Atnodel, = 3+ 


At node 2, 3 


2 4 8 

L V1-V2 Vz+^V, 


-> 24 = 7v] - V 2 


8 


1 


But, vi = 12 - vi 


( 1 ) 


Hence, 24 + vi - V 2 = 8 (v^ + 60 + 5vi) = 4 V 

456 = 41vi-9v2 (2) 

Solving (1) and (2), 

VI = -10.91 V . V2 = • 100.36 V 
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Chapter 3, Problem 23. 

Use nodal analysis to find Vo in the circuit of Fig. 3.72. 



We apply nodal analysis to the circuit shown below. 



yi^^y^^Vo-(2Vo.V,) ^ ^^ ^ ^ 

1 2 4 0 1 

( 1 ) 


Atnode 1, 


PV°-V.)-V°.yL^-3.0^5V..4V„=48 
4 16 10 


( 2 ) 


From(l), Vi = 5Vo-120. Substituting this into (2) yields 
29Vo = 648 or Vo = 22.34 V . 
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Chapter 3, Problem 24. 

Use nodal analysis and MATLAB to íind Vo in the circuit in Fig. 3.73. 


8D 



Chapter 3, Solution 24 

Consider the circuit below. 

8D 
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( 1 ) 


^''^L^-4 + ^^!-y^ = 0^1.125Vi -O.I 25 V 4 =4 
+ 4+ ^2-0 ^ V2-V3 ^^^ O. 75 V 2 - O. 25 V 3 = -4 (2) 

V3 - Vt V3 - 0 

^- - + ^ -+ 2 = 0 ^-0.25V-, + O. 75 V 3 =-2 (3) 

4 2 ^ J 

-2+V4-^+V4^ = 0^-0 i25Vj+ 1 . 125 V 4 =2 (4) 


' 1.125 

0 

0 

-0.125' 


■ 4 ' 

0 

0.75 

-0.25 

0 

V = 

-4 

0 

-0.25 

0.75 

0 


-2 

-0.125 

0 

0 

1.125 


_ 2 _ 


Now we can use MATLAB to solve for the unknown node voltages. 


» Y=[l.125,0,0,-0.125;0,0.75,-0.25,0;0,-0.25,0.75,0;-0.125,0,0,1-125] 


Y = 

1.1250 0 0 -0.1250 

0 0.7500 -0.2500 0 

0 -0.2500 0.7500 0 

-0.1250 0 0 1.1250 


»I=[4,-4,-2,2]' 
1 = 

4 

-4 

-2 

2 


»V=inv(Y)*I 


V = 
3.8000 
-7.0000 
-5.0000 
2.2000 


V. = Vf -V4 = 3.8-2.2 = 1.6 V . 
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Chapter 3, Problem 25. 

Use nodal analysis along with MATLAB to determine the node voltages in Fig. 3.74. 

20 



Figure 3.74 For Prob. 3.25. 


Chapter 3, Solution 25 

Consider the circuit shown below. 

20 
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( 1 ) 


Atnode 1. 

4^ 'i~'4 + ^ 80 = 21\/-20\/2-\4 

1 20 124 


At node 2, 


1 8 10 


> 0 = - 801 < + 98 \ 4 - 8\/3 ( 2 ) 


At node 3, 

' 4 , ' 4-'4 

10 20 10 

At node 4, 

20 10 30 


+ 0 = -21/2+51/3-214 


+ 0 = 314 + 51/3-1114 


(3) 

(4) 


Putting (1) to (4) in matrix form gives: 


80' 


“ 21 

-20 

0 

-1“ 


0 


-80 

98 

-8 

0 

y. 

0 


0 

-2 

5 

-2 


0 


3 

0 

6 

-11 

^4 

B = 

= A V 


V = A- 

‘ B 



Using MATLAB leads to 

Vi - 25.52 V . V, - 22.05 V . V. - 14.842 V . V 4 - 15.055 V 
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Chapter 3, Problem 26. 


Calculate the node voltages vi, V 2 , and V 3 in the circuit of Fig. 3.75. 
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Chapter 3, Solution 26 

Atnode 1, 


15-Vi _3 , V.-n , Vi-V2 

20 10 5 


> _45 = 7V^ _4y^-2^3 


At node 2, 

V.-V 2 

5 5 5 

V -V 

But I = — - -. Hence, (2) becomes 

10 

0 = 7V^ -15^3 +3V3 


( 1 ) 

( 2 ) 

(3) 


At node 3, 

3 ^ V 1 -V 3 ^ -IO-V 3 ^ V 2 -V 3 


10 


15 


+ 70 = -3Vi-6V2+11V3 


Putting (1), (3), and (4) in matrix form produces 


^ 7 

-4 

-2^ 

fVi] 


''-457 

7 

-15 

3 

V 2 

= 

0 

v-3 

-6 

11. 

UJ 


J 70 , 


(4) 


Using MATLAB leads to 

r- 7 . 19 ^ 


V = A *B = 


-2.78 
, 2.89 , 


Thus, 


Vi = -7.19V : V 2 = -2.78V : V 3 = 2.89V . 
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Chapter 3, Problem 27. 

Use nodal analysis to determine voltages Vi, V 2 , and V 3 in the circuit in Fig. 3.76. 


4S 



Figure 3.76 
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Chapter 3, Solution 27 


Atnode 1, 

2 = 2vi + Vi - V 2 + (vi - V 3)4 + 3io, io = 4 v 2 . Hence, 

2 = 7vi + 1 lv 2 - 4 v 3 (1) 

At node 2, 

Vl - V2 = 4 V 2 + V2 - V3 -► 0 = - Vl + 6 V 2 “ V3 (2) 

At node 3, 

2 v3 = 4 + V2 - V3 + 12 v2 + 4(vi - V3) 
or -4 = 4vi + 1 3 v 2 - 7 v 3 (3) 

In matrix form, 

7 11 -4Tvn r 2 

1-6 1 v. = 0 

4 13 - 7 JLV 3 J [-4 



7 

11 -4 


2 

11 

-4 

A = 

1 

-6 1 

= 176, = 

0 

-6 

1 


4 

13 - 7 


-4 

13 

-7 



7 

2 

-4 



7 

11 

2 

A. = 

1 

0 

1 

= 66, 

A 3 = 

1 

- 6 

0 


4 

-4 

-7 



4 

13 

-4 


110 


286 



Chapter 3, Problem 28. 


Use MATLAB to fìnd the voltages at nodes a, b, c, and d in the circuit of Fig. 3.77. 


f 



Figure 3.77 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou are using it without permission. 
















Chapter 3, Solution 28 


At node c, 

V,-V V -V, V 

^ = ^ + ^ -> 0 = -5K+11V -2y^ (1) 

10 4 5 h c d 

At node b, 


-45 = V„-4V,+2K. (2) 


V +45-V, V -V, V, 

_5_ - + ~ _^ = —^ ^ 

8 4 8 

At node a, 

K-30-V. , V. , V.+45-V, ^ 

4 16 8 

At node d, 

V.-30-V. V. 

4 20 10 

In matrix form, (1) to (4) become 


^o 

-5 

11 

-2^ 



í ^ ' 

1 

-4 

2 

0 

n 


-45 

7 

-2 

0 

-4 

K. 


30 

v5 

0 

2 

-T 



ll50. 


-> 30 = 7V,-2V,-4V, (3) 

150 = 5V„+2V,-7V, (4) 

+ AV = 5 


We use MATLAB to invert A and obtain 


y = A~'B = 


1^-10.14'' 

7.847 

-1.736 


Thus, 


V 


29.17j 


V^=-10.14 V, Vj,= 7.847 V, 


V, =-1.736V, Vj =-29.17V 
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Chapter 3, Problem 29. 


Use MATLAB to solve for the node voltages in the eireuit of Fig. 3.78. 



Figure 3.78 


Chapter 3, Solution 29 


Atnode 1, 

5 + V^-V^+lV,+V,-V^=0 -> -5 = 4V,-V,-V^ 

At node 2, 

v^-y, = 2y,+4(y,-V3) = o —> o =-y^ + ^y^ - dv, 

At node 3, 

6+4(y3-y3) = y3-y, —> ó^-^y^+sv^-y^ 

At node 4, 

2 + ^3-y^+y^-y^ =3^4 -> ^^-y^-y^ + sy^ 

In matrix form, (1) to (4) beeome 


f4 

-1 

0 

-l^ 



(- 5 ^ 

-1 

7 

-4 

0 



0 

0 

-4 

5 

-1 



6 

V-1 

0 

-1 

5. 

T4J 


u. 


Using MATLAB, 


V = A'B = 


i.e. 


í- 0.7708'' 
1.209 
2.309 
^ 0.7076 ^ 


( 1 ) 

( 2 ) 

(3) 

(4) 
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=-0.7708 V, V. = 1.209 V, V 3 = 2.309 V, V^ = 0.7076 V 

Chapter 3, Problem 30. 


Using nodal analysis, fínd Vo and io in the circuit of Fig. 3.79. 



Figurc 3.79 


Chapter 3, Solution 30 
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Atnode 1, 


- Vj _ 100-v^ , 4v„ -V, 


( 1 ) 


40 10 20 

But, Vo = 120+ V 2 -► V 2 = Vo-120. Hence (1) becomes 

7vi - 9Vo = 280 (2) 

At node 2, 


or 


lo + 2Io - 


Vq-Q 

80 


V, + 120 -v;^ v„ 


V 


40 ) 80 

6 vi - 7Vo = -720 


(3) 


from (2) and (3), 


[7 -91 

’Vi' 


■ 280 ■ 

1 

_1 

_Vo_ 


_- 720_ 


A = 


7 -9 
6 -7 


= -49 + 54 = 5 


280 -9 

-720 -7 


-8440, A, 


7 280 

6 -7201 


-6720 


A, -8440 A, -6720 

vi = — =-= -1688, Vo = -^ =-1344V 

A 5 A 5 


lo = -5.6 A 
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Chapter 3, Problem 31. 

Find the node voltages for the eircuit in Fig. 3.80. 

I íì 



Figure 3.80 


Chapter 3, Solution 31 


IQ 
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At the supemode, 


Vi V. - V3 


1 + 2vo = — + — + 

4 1 1 

But Vo = vi - V3. Hence (1) becomes, 

4 = -3vi + 4 v2 +4 v3 


At node 3, 


^ Va lO-Va 

2vo+—= vi-V 3 +—^— 


or 


20 = 4vi + 0v2 - V3 


At the supemode, V 2 = Vi + 4io. But io = —. Henee, 

4 


V2 = Vl + V3 


Solving (2) to (4) leads to. 


VI = 4.97V. V2 = 4.85V . V3= -0.12V . 


( 1 ) 


( 2 ) 


(3) 


(4) 
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Chapter 3, Problem 32. 

Obtain the node voltages Vi, V 2 , and V 3 in the cireuit of Fig. 3.81. 
Figure 3.81 


Chapter 3, Solution 32 

5 kQ V 3 



We have a supemode as shown in tigure (a). It is evident that V 2 = 12 V, Applying KVL 
to loops land 2 in figure (b), we obtain, 

-vi - 10 + 12 = 0 or vi = 2 and -12 + 20 + V 3 = 0 or V 3 = -8 V 

Thus, vi = ^, V 2 = 12V, V 3 = 
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Chapter 3, Problem 33. 


Which of the circuits in Fig. 3.82 is planar? For the planar circuit, redraw the circuits 
with no crossing branches. 


1 n 





ìíì 



( 1 ») 


Figure 3.82 
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Chapter 3, Solution 33 


(a) This is a planar circuit. It can be redrawn as shown below. 



(b) This is a planar circuit. It can be redrawn as shown below. 


4Q 
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Chapter 3, Problem 34. 


Determine which of the eircuits in Fig. 3.83 is planar and redraw it with no crossing 
branches. 


2Í2 



(H) 


nn 



( 1 >) 


Figure 3.83 
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Chapter 3, Solution 34 
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Chapter 3, Problem 35. 

Rework Prob. 3.5 using mesh analysis. 
Chapter 3, Problem 5 


Obtain vo in the circuit of Fig. 3.54. 



Figure 3.54 

Chapter 3, Solution 35 



Assume that ii and i^ are in mA. We apply mesh analysis. For mesh 1, 
-30 + 20 + 7ii - 5Ì2 = 0 or 7ii - 5Ì2 = 10 (1) 

For mesh 2, 

-20 + 9Ì2 - 5ii = 0 or -5ii + 9Ì2 = 20 (2) 

Solving (1) and (2), we obtain, i^ = 5. 

vo = 4Ì2 = 20 volts . 
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Chapter 3, Problem 36. 

Rework Prob. 3.6 using mesh analysis. 


Chapter 3, Problem 6 

Use nodal analysis to obtain vo in the cireuit in Fig. 3.55. 
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Chapter 3, Solution 36 


10 V 



Applying mesh analysis gives, 


12= IOI 1 - 6 I 2 


-10 = -6Ii + 8l2 


or 


1 

1 _ 


'5 -3^ 


1 

1 

_1 


-1 

m 

1 

_ 1 




5 - 3 


6 - 3 


5 6 

A = 


= 11 , = 


= 9, = 



"n|- 

m 

1 


-5 4 


-3 -5 


ii = -Ii =-9/11 =-0.8181 A, Ì 2 = I|-l 2 = 10/11 = 1.4545 A. 
Vo = 6 Ì 2 = 6x1.4545 = 8.727 V . 
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Chapter 3, Problem 37. 

Rework Prob. 3.8 using mesh analysis. 

Chapter 3, Problem 8 

Using nodal analysis, tind Vo in the circuit in Fig. 3.57. 


3 íì 5 íì 



Figure 3.57 

Chapter 3, Solution 37 


3Q 5Í2 



Applying mesh analysis to loops 1 and 2, we get, 

6 ii - 1 Ì 2 + 3 = 0 which leads to i^ = 6 ii + 3 (1) 

-lii + 6 Ì 2 — 3 + 4vo = 0 (2) 

But, vo = -2ii (3) 

Using (1), (2), and (3) we get ii = -5/9. 

Therefore, we get vo = -2ii = -2(-5/9) = 1.1111 volts 
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Chapter 3, Problem 38. 

Apply mesh analysis to the eircuit in Fig. 3.84 and obtain Iq. 

4f2 2n 



Figure 3.84 For Prob. 3.38. 

Chapter 3, Solution 38 

Consider the cireuit below with the mesh currents. 


4n 3n 
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Ii =-2 A 


( 1 ) 


l(l2-Il) + 2(l2-l4) + 9+4l2 = 0 

7l2-l4 = -ll (2) 

-24 + 4I3 + 3I4 + II4 + 2(14-12) + 2 (l 3 - Ii) = 0 (super mesh) 

- 2 I 2 + 6 I 3 + 6 I 4 = +24 - 4 = 20 (3) 

But, we need one more equation, so we use the constraint equation -I 3 +14 = 4. This now 
gives us three equations with three unknowns. 


“ 7 

0 

-f 

“I 2 ' 


“-if 

-2 

6 

6 

I3 

= 

20 

0 

-1 

1 

h_ 


4 


We ean now use MATLAB to solve the problem. 


»Z=[7,0,-l;-2,6,6;0,-l,0] 


Z = 

7 0-1 

-2 6 6 
0-10 
»V=[-11,20,4]' 

V = 


-11 

20 

4 

»I=inv(Z)*V 
1 = 

-0.5500 

-4.0000 

7.1500 

Io = Ii-l2 = -2-4 = ^. 

Cheek using the super mesh (equation (3)): 1.1 - 24 + 42.9 = 20! 
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Chapter 3, Problem 39. 


Determine the mesh eurrents i{ and h in the circuit shown in Fig. 3.85. 


4ii líl 

» M ff H f rV hAMti 



Chapter 3, Solution 39 


For mesh 1, 

- 10 - 2 /^ + 10 /, - 6 /^ =0 
But /^ = /, - /2 • Hence, 

10 = - 2 Ii+ 2 I 2 +IOI 1 - 6 I 2 -> 5 = 4Ii-2l2 ( 1 ) 

For mesh 2, 

12 + 8 / 2 - 6 /, =0 -> 6 = 3/,- 4/2 (2) 

Solving (1) and (2) leads to 

/, =0.8A, /2=-0.9A 
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Chapter 3, Problem 40. 


For the bridge network in Fig. 3.86, find/û using mesh analysis. 

J" 2 kQ 



Chapter 3, Solution 40 



Assume all currents are in mA and apply mesh analysis for mesh 1. 

30= 12ii-6Ì2-4Ì3 —► 15 = 6ii-3Ì2-2Ì3 (1) 

for mesh 2, 

0 = - 6ii + 14^2 — 2Ì3 ^ 0 = - 3 ii + 7Ì2 — Ì3 ( 2 ) 

for mesh 2, 

0 =- 4 ii-2Ì2 + IOÌ3 0 =- 2 ii - Ì2 + 5Ì3 ( 3 ) 


Solving (1), (2), and (3), we obtain, 


io = ii = 4.286 mA . 
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Chapter 3, Problem 41. 

Apply mesh analysis to íind io in Fig. 3.87. 


10 íì 
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Chapter 3, Problem 42. 


Determine the mesh currents in the circuit of Fig. 3.88. 


îo fi Mï i» 



Figure 3.88 


Chapter 3, Solution 42 

For mesh 1, 

-12 + 50 /^- 30 / 2=0 -> 12 = 50 /^- 30/2 ( 1 ) 

For mesh 2, 

-8 + 100/2-30/1- 40/3 = 0 -> 8 = - 30 /i +100/2 - 40/3 (2) 

For mesh 3, 

-6 + 50 / 3 - 40 / 2=0 -> 6 = - 40 / 2 + 50/3 (3) 

Putting eqs. (1) to (3) in matrix form, we get 


^ 50 

-30 

0 " 




-30 

100 

-40 

/, 

= 

8 

V 0 

-40 

50, 





Using Matlab, 


I = A~'B = 


f 0.48' 
0.40 
0.44 


V 

i.e. Ii = 0.48 A. h = 0.4 A. h = 0.44 A 
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Chapter 3, Problem 43. 


Use mesh analysis to tind Vab and io in the eircuit in Fig. 3.89. 

20 Í2 





Figure 3.89 

Chapter 3, Solution 43 


20 Q 



30 Q Vai 


For loop 2, 
For loop 3, 


80 = 70ii -20Ì2-30Ì3 

^ 8 — 7ii — 2 Ì 2 — 3 Ì 3 

(1) 

80 = 70Ì2-20ii-30Ì3 

8 = -2ii + 7 Ì 2 — 3 Ì 3 

(2) 

0 = -30ii — 3 OÌ 2 + 9 OÌ 3 

^ 0=Ìl+l2-3Ì3 

(3) 


Solving (1) to (3), we obtain Ì 3 = 16/9 

Io = Ì3 = 16/9= 1.7778 A 
Vab = 30Ì3 = 53.33 V . 
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Chapter 3, Problem 44. 


Use mesh analysis to obtain 4 in the circuit of Fig. 3.90. 

6 V 



Chapter 3, Solution 44 



Loop 1 and 2 form a supermesh. For the supermesh, 

6ii + 4Ì2-5Ì3+ 12 = 0 (1) 

For loop 3, -ii - 4Ì2 + 7Ì3 + 6 = 0 (2) 

Also, Ì 2 = 3 + ii (3) 


Solving(l)to(3), ii =-3.067, Ì 3 =-1.3333; L - ii-L - -1.7333 A 
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Chapter 3, Problem 45. 


Find current ì in the circuit in Fig. 3.91. 

4Q 8Q 



Figure 3.91 

Chapter 3, Solution 45 


4Q 8Q 



Forloop 1, 

30 — 5ii — 3Ì2 “ 2Ì3 

(1) 

For loop 2, 

IOÌ2 - 3ii - 6Ì4 = 0 

(2) 

Forthe supermesh, 

6Ì3 + 14Ì4 - 2ii - 6Ì2 = 0 

(3) 

But Ì4 - Ì3 = 4 which leads to Ì4 = Ì3 + 4 

(4) 


Solving (1) to (4) by elimination gives i = ii = 8.561 A . 
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Chapter 3, Problem 46. 


Calculate the mesh currents i[ and h in Fig. 3.92. 



Chapter 3, Solution 46 

For loop 1, 

-12 + lh;-8/2 =0 -> lh;-8/2=12 (1) 

For loop 2, 

-8?; +14/2 +2v^ =0 

But v„=3z;, 

— 8 /; +14/2 + 6 ?; = 0 —> (2) 

Substituting (2) into (1), 

77 / 2 - 8 / 2=12 -> / 2 = 0.1739Aand z; = 7/^ = 1.217 A 
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Chapter 3, Problem 47. 


Rework Prob. 3.19 using mesh analysis. 

Chapter 3, Problem 3.19 

Use nodal analysis to find Vi, V2, and V3 in the circuit in Fig. 3.68. 





Figure 3.68 
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Chapter 3, Solution 47 


First, transform the current sources as shown below. 

■6V + 



For mesh 2, 

12 + 14/2-2/1 -4/3=0 
For mesh 3, 

-6 + 14 / 3 - 4 / 2 - 8/1 =0 


■6 = -/i + 7 / 2 - 2/3 


3 = - 4 / 1 - 2 / 2 + 7/3 


Putting (1) to (3) in matrix íbrm, we obtain 

-> AI = B 


7 

-1 

-4^ 

fh] 


10 ^ 

-1 

7 

-2 

h 


-6 

v-4 

-2 

7. 

UsJ 


l© 


Using MATLAB, 


2 

I = A ‘S = 

0.0333 


1.8667 

But 


/, = 

20-V 


-+ /1 =2.5, /2 =0.0333 ,/3 =1.8667 


Vi = 20 - 4/1 =10V 


( 2 ) 

( 3 ) 


V, =2(/i -/ 2 ) = 4.933 V 

Also, 

/, = YlZ}l -^ V 3 = 12 + 8 /, = 12.267V 

8 
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Chapter 3, Problem 48. 

Determine the current through the 10-kD resistor in the circuit in Fig. 3.93 using 
mesh analysis. 





Figure 3.93 
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Chapter 3, Solution 48 

We apply mesh analysis and let the mesh eurrents be in mA. 



Formesh 1, 

-12 + 8 + 5 / 1 - 72 - 4 / 4=0 -> 4 = 5/,-/ 2 - 4/4 (1) 

For mesh 2, 

-8 + 13/2-/1-10/3-2/4=0 -> 8 = -/,+13/2-10/3-2/4 (2) 

For mesh 3, 

-6 + 15 / 3 - 10 / 2 - 5 / 4=0 -> 6 = - 10 / 2 + 15 / 3 - 5/4 (3) 

For mesh 4, 

- 4 / 1 - 2 / 2 - 5 / 3 + 14 / 4=0 (4) 

Putting (1) to (4) in matrix íbrm gives 


5 

-1 

0 


í^'ì 


Í4^ 

-1 

13 

-10 

-2 

/2 


8 

0 

-10 

15 

-5 

h 


6 

v-4 

-2 

-5 

14. 

UJ 


vO. 


Using MATLAB, 
r 7 . 217 "l 


7.791 

V 6 ^ 

The current through the lOhD. resistor is Io= I 2-13 = 0.2957 roA 
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Chapter 3, Problem 49. 

Find Vo and io in the circuit of Fig. 3.94. 


3Í1 



Figure 3.94 
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Chapter 3, Solution 49 


3Q 



(b) 

For the supermesh in figure (a), 

3ii + 2Ì2 — 3 Ì 3 + 16 = 0 

At node 0, Ì 2 - ii = 2io and io = -ii which leads to i^ = -ii 
For loop 3, -ii - 2 Ì 2 + 6 Ì 3 = 0 whieh leads to 6 Ì 3 = -ii 
Solving (1) to (3), ii = (-32/3)A, Ì 2 = (32/3)A, Ì 3 = (16/9)A 
io = -ii = 10.667 A . from fig. (b), vo = Ì 3 - 3 ii = (16/9) + 32 = 33.78 V . 


( 1 ) 

( 2 ) 

(3) 





Chapter 3, Problem 50. 


Use mesh analysis to find the current io in the circuit in Fig. 3.95. 




Figure 3.95 

Chapter 3, Solution 50 



For loop 1, 16ii - 10 Ì 2 - 2 Ì 3 = 0 which leads to 8 ii - 5 Ì 2 - Ì 3 = 0 (1) 

For the supermesh, -60 + IOÌ 2 - lOii + IOÌ 3 - 2ii = 0 

or - 6 ii + 5 Ì 2 + 5 Ì 3 = 30 (2) 

Also, 3io = Ì 3 -Ì 2 and io = ii whichleadsto 3 ii=Ì 3 -Ì 2 (3) 

Solving ( 1 ), ( 2 ), and (3), we obtain ii = 1.731 and io = ii = 1.731 A 
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Chapter 3, Problem 51. 


Apply mesh analysis to íind Vo in the eircuit in Fig. 3.96. 
5A 



Chapter 3, Solution 51 

5 A 



Forloop 1, ii = 5A (1) 

For loop 2, -40 + IÌ 2 - 2ì[ - 4 Ì 3 = 0 which leads to 50 = 7 Ì 2 - 4 Ì 3 (2) 

For loop 3, -20 + I 2 Ì 3 - 4 Ì 2 = 0 which leads to 5 = - Ì 2 + 3 Ì 3 (3) 

Solving with (2) and (3), i^ = 10 A, Ì 3 = 5 A 
And, vo = 4 (Ì 2 - Ì 3 ) = 4(10 - 5) = 20 V . 
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Chapter 3, Problem 52. 

Use mesh analysis to find iu h, and /3 in the eircuit of Fig. 3.97. 
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Chapter 3, Solution 52 



For mesh 1, 

2(ii - Ì 2 ) + 4(ii - Ì 3 ) - 12 = 0 which leads to 3ii - i^ - 2 Ì 3 = 6 (1) 

For the supermesh, 2 (Ì 2 - ii) + 8 Ì 2 + 2vo + 4 (Ì 3 - ii) = 0 

But vo = 2(ii - Ì 2 ) which leads to -ii + 3 Ì 2 + 2 Ì 3 = 0 (2) 

For the independent current source, Ì 3 = 3 + i^ (3) 

Solving (1), (2), and (3), we obtain, 

ii = 3.5 A . Ì 2 = -0.5 A . Ì 3 = 2.5 A . 
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Chapter 3, Problem 53. 

Find the mesh eurrents in the eircuit of Fig. 3.98 using MATLAB. 

2kD 



Chapter 3, Solution 53 

Applying mesh analysis leads to; 


-12 + 

4kli - 3kl2 - lkl3 = 0 

(1) 

-3kli 

+ 7kl2-4kl4 = 0 


-3kli 

+ 7kl2 = -12 

(2) 

-lkli 

+ 15kl3-8kl4-6kl5 = 0 


-lkli 

+ 15kl3-6k= -24 

(3) 


l4= -3mA 

(4) 

-6kl3 

- 8kl4 + 16kl5 = 0 


-6kl3 

+ 16kl5=-24 

(5) 
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Putting these in matrix form (having substituted I 4 = 3mA in the above). 


■ 4 

-3 

-1 

0 ' 


~h' 


" 12 " 

-3 

7 

0 

0 


h 


-12 





k 


= 


-1 

0 

15 

-6 


h 


-24 

_ 0 

0 

— 6 

16 


_h_ 


-24 


ZI = V 

Using MATLAB, 


» Z = [4,-3,-l,0;-3,7,0,0;-l,0,15,-6;0,0,-6,16] 
Z = 

4-3-1 0 

-3 7 0 0 

-1 0 15 -6 

0 0 -6 16 

»V = [12,-12,-24,-24]’ 

V = 

12 

-12 

-24 

-24 


We obtain, 

»I = inv(Z)*V 


1.6196 mA 
-1.0202 mA 
-2.461 mA 
3 mA 

-2.423 mA 
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Chapter 3, Problem 54. 


Find the mesh eurrents /i, h, and h in the eireuit in Fig. 3.99. 

P ti! I kQ I 



Figure 3.99 


Chapter 3, Solution 54 

Let the mesh eurrents he in mA. For mesh 1, 

-12 + 10 + 27^-/2=0 -> 2 = 21, ( 1 ) 

For mesh 2, 

-10 + 3/2-/,-/3 =0 -^ 10 = -/,+3/2-73 (2) 

For mesh 3, 

-12 + 273 -/ 2=0 -> 12 = -/ 2 + 2/3 (3) 

Putting (1) to (3) in matrix form leads to 


^ 2 

-1 

0 ^ 



í^ì 

-1 

3 

-1 


= 

10 

to -1 


UJ 




Using MATLAB, 


/ = = 


5.25 
8.5 

10.25 


+ /, =5.25mA, /2 = 8 . 5 mA ,/3 = 10.25 mA 
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Chapter 3, Problem 55. 

In the drcuit of Fig. 3.100, solve for fi, h, and h. 


10 V 



Figure 3.100 
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Chapter 3, Solution 55 


10 V 



8 V 


8 V 

It is evident that Ii = 4 (1) 

For mesh 4, 12(14 - Ii) + 4 (l 4 - 13 ) - 8 = 0 (2) 

For the supermesh óih - Ii) + 10 + 2 I 3 + 4(1^ - 14 ) = 0 

or - 3 I 1 + 3 I 2 + 313-214 =-5 (3) 

At node c, I 2 = I 3 + 1 (4) 


Solving (1), (2), (3), and (4) yields, Ii = 4A, I 2 = 3A, I 3 = 2A, and I 4 = 4A 
At node b, ii = I 2 - Ii = -lA 

At node a, i^ = 4 - 14 = OA 

At node 0, Ì 3 = I 4 -13 = 2A 
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Chapter 3, Problem 56. 

Determine Vi and V 2 in the cireuit of Fig. 3.101. 


2ÍÍ 
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Chapter 3, Solution 56 


+ Vi - 



Forloopl, 12 = 4 ii- 2 Ì 2 - 2 Ì 3 which leads to 6 = 2 ii-Ì 2 -Ì 3 (1) 

For loop 2, 0 = 6 Ì 2 -2ii - 2 Ì 3 which leads to 0 = -ii + 3 Ì 2 - Ì 3 (2) 

For loop 3,0 = 6 Ì 3 - 2ii - 2 Ì 2 which leads to 0 = -ii - Ì 2 + 3 Ì 3 (3) 

In matrix form (1), (2), and (3) become. 


-1 

- 1 “ 



'6' 

3 

-1 

h 


0 

-1 

3 

.Ì3. 


0 



2 -1 -1 


2 6-1 

A = 

-1 3 -1 

= 8, A2 = 

-1 3 -1 


-1 -1 3 


-10 3 

1 2 

-1 6| 




A 3 = -1 3 0 = 24 , therefore i^ = Ì 3 = 24/8 = 3 A, 

-1 -1 0 

vi = 2 Ì 2 = 6_volts, V = 2 Ì 3 = 6 volts 
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Chapter 3, Problem 57. 


In the circuit in Fig. 3.102, find the values of R, Vi, and V 2 given that io =18 mA. 





Figure 3.102 


Chapter 3, Solution 57 


Assume R is in kilo-ohms. 

V. = 4feíìrl8mA = 72V. V^ ^IOO-V. 
Current through R is 
3 

f V, =ioR -> 28 

This leads to R = 84/26 = 3.23 


= 100-72 = 28V 


3 

3 + R 


(18)/? 
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Chapter 3, Problem 58. 

Find ii, / 2 , and /3 the circuit in Fig. 3.103. 

3i)n 



Figurc 3.103 

Chapter 3, Solution 58 

30 Q 



Forloopl, 120 + 40ii - IOÌ 2 = 0, whichlcadsto - 12 = 4 ii-Ì 2 
For loop 2 , 5 OÌ 2 - lOii - IOÌ 3 = 0, which lcads to -ii + 5 Ì 2 - Ì 3 = 0 
Forloop3, -120 - IOÌ 2 + 4 OÌ 3 = 0, which lcads to 12 = -Ì 2 + 4 Ì 3 
Solving ( 1 ), ( 2 ), and (3), wc gct, ii = -3A , 12 = 0, and Ì 3 = 3A 


( 1 ) 

( 2 ) 

(3) 
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Chapter 3, Problem 59. 

Rework Prob. 3.30 using mesh analysis. 

Chapter 3, Problem 30. 

Using nodal analysis, tind Vo andf^ in the circuit of Fig. 3.79. 



Figure 3.79 
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Chapter 3, Solution 59 



For the supermesh, 6 OÌ 2 - 20ii - 120 + 8 OÌ 3 - 4 Vo = 0, where Vo = 8 OÌ 3 

or 6 = -ii + 3 Ì 2 - I 2 Ì 3 ( 2 ) 

Also, 2 I 0 = Ì3 - Ì 2 and lo = Ì 2 , hence, 3Ì2 = Ì 3 (3) 

■3 -2 32 ]riJ [10 

From(l), (2),and(3), -1 3 -12 i. = 6 

0 3 -iJLisJ [0 



3 -2 

32 

3 

10 

32 


3 

-2 10 

A = 

-1 3 

-12 

1 

II 

(N 

<] 

II 

6 

-12 

= -28, A3 = 

-1 

3 6 


0 3 

-1 

0 

0 

-1 


0 

3 0 


lo “ Ì 2 “ A 2 /A —28/5 — -5.6 A 
Vo = 8 Ì 3 = (-84/5)80 = -1.344 kvolts 
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Chapter 3, Problem 60. 

Calculate the power dissipated in each resistor in the circuit in Fig. 3.104. 





Chapter 3, Solution 60 



Atnode 1, (vi/1) + (0.5v]/l) = (10 -Vi)/4, which leads to Vi = 10/7 
Atnode2, (0.5vi/l) + ((10 - V 2 )/ 8 ) = V 2/2 which leads to V 2 = 22/7 

Pin = (vi)^/l = 2.041 watts . P^n = (v 2)^/2 = 4.939 watts 

P^n = (10 - vi)^/4 = 18.38 watts . Pgn = (10 - V 2 Ý /8 = 5.88 watts 
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Chapter 3, Problem 61. 

Calculate the current gain ìoHs in the circuit of Fig. 3.105. 

20 Q 10 fì 

^VVW 

30 Q 

Figure 3.105 




Chapter 3, Solution 61 


20 Q 10 Q 



io 


40 Q 


At node 1, is = (vi/30) + ((vi - V2)/20) which leads to 60is = 5vi - 3 v2 (1) 

But V 2 = -5vo and Vo = Vi which leads to V 2 = -5vi 

Hence, 60is = 5vi + 15vi = 20vi which leads to vi = 3is, v^ = -15is 

io = V 2 / 5 O = -15is/50 whichleadsto ìa/u = -15/50 = -0.3 
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Chapter 3, Problem 62. 

Find the mesh eurrents hii, and / 3 in the network of Fig. 3.106. 

4 kl} 2 kn 



Figure 3.106 


Chapter 3, Solution 62 



We have a supermesh. Let all R be in ì in mA, and v in volts. 

For the supermesh, -100 +4ii + 8 Ì 2 + 2 Ì 3 + 40 = 0 or 30 = 2ii + 4 Ì 2 + Ì 3 (1) 
At node A, ii + 4 = i^ (2) 

At node B, i^ = 2ii + Ì 3 (3) 

Solving ( 1 ), ( 2 ), and (3), we get ii = 2_niA, i^ = 6jnA, and Ì 3 = 2 mA . 
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Chapter 3, Problem 63. 

Find Vx, and 4in the circuit shown in Fig. 3.107. 


lOD 



Figurc 3.107 

Chapter 3, Solution 63 


10 Q A 



For thc supcrmcsh, -50 + lOii + 5Ì2 + 4ix = 0, but ix = ii- Hcncc, 

50=14ii+5Ì2 (1) 

At nodc A, ii + 3 + (Vx/4) = i^, but Vx = 2(ii - i^), hcncc, ii + 2 = i^ (2) 

Solving (1) and (2) givcs ii = 2.105 A and i^ = 4.105 A 

Vx = 2(ii - Ì 2 ) = -4 volts and ix = Ì 2 - 2 = 2.105 amp 
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Chapter 3, Problem 64. 

Find Vo, and io in the circuit of Fig. 3.108. 


50 Q 10 O 



Figurc 3.108 
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Chapter 3, Solution 64 



40 Q 


Formesh2, 20Ì2 - lOii + 4io = 0 (1) 

But at node A, io = ii - Ì 2 so that (1) becomes ii = (16/6)Ì2 (2) 

For the supermesh, -100 + 50ii + 10(ii - i^) - 4io + 40Ì3 = 0 
or 50 = 28ii - 3Ì2 + 2 OÌ 3 (3) 

At node B, Ì 3 + 0.2vo = 2 + ii (4) 

But, Vo = IOÌ 2 so that (4) becomes Ì 3 = 2 + ( 2 / 3 )Ì 2 (5) 

Solving(l) to (5), Ì 2 = 0.11764, 


Vo = IOÌ 2 = 1.1764 volts . io = ii - Ì 2 = (5/3)Ì 2 = 196.07 mA 











Chapter 3, Problem 65. 


Use MATLAB to solve for the mesh eurrents in the circuit of Fig. 3.109. 



Figure 3.109 


Chapter 3, Solution 65 


Formesh 1, 

- 12 + 12 Ii- 6 l 2 -l 4 = 0 or 

12 = 127 ^- 6 / 2-/4 

( 1 ) 

For mesh 2, 

- 6 I 1 + 16l2-8l3-l4-l5 = 0 

( 2 ) 

For mesh 3, 

- 8 I 2 + 1513 - 15-9 = 0 or 

9 = - 8 l 2 + I 5 I 3 -I 5 

(3) 

For mesh 4, 

-Ii-l 2 + 7 l 4 - 2 l 5-6 = 0or 

6 = -Ii-l 2 + 7l4-2l5 

(4) 

For mesh 5, 

-l 2 -l 3 - 2 l 4 + 8 l 5-10 = 0 or 

10 = -/^-/ 3 - 2 / 4 + 8/5 

(5) 
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Casting (1) to (5) in matrix form gives 


^12 

-6 

0 

1 

0 5 

fh] 



-6 

16 

-8 

-1 

-1 

I2 


0 

0 

-8 

15 

0 

-1 

I 3 


9 

-1 

-1 

0 

7 

-2 

4 


6 

vO 

-1 

-1 

-2 

8 . 

I15J 


, 10 , 


^ AI = B 


Using MATLAB we input: 

Z =[ 12 ,- 6 , 0 rl , 0 ;- 6 , 16 ,- 8 ,- lrl ; 0 r 8 , 15 , 0 ,- l ;- lrl , 0 , V ,- 2 ; 0 ,- l ,- l ,- 2 , 8 ] 

andV=[12;0;9;6;10] 


This leads to 


» Z=[ 12,-6,0,-1,0;-6,l 6,-8,-1,-1 ;0,-8,15,0,-1;-1,-1,0,7,-2;0,-1,-1 ,-2,8] 


Z = 


12 

-6 

0 

-1 

0 

-6 

16 

-8 

-1 

-1 

0 

-8 

15 

0 

-1 

-1 

-1 

0 

7 

-2 

0 

-1 

-1 

-2 

8 


»V=[12;0;9;6;10] 

V = 

12 

0 

9 
6 

10 


»I=inv(Z)*V 
1 = 

2.1701 

1.9912 

1.8119 

2.0942 

2.2489 


Thus, 

I = 12.17.1.9912.1.8119. 2.094. 2.2491 A . 
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Chapter 3, Problem 66. 


Write a set of mesh equations for the eircuit in Fig. 3.110. Use MATLAB to determine 
the mesh currents. 


lOQ 


ìon 



8Q 

40 V 


8Q 

32 V 


Chapter 3, Solution 66 

The mesh equations are obtained as follows. 


-12 + 24 + 30^-44-64-24 = 0 


or 


30Ii-4l2-6l3-2l4 = -12 
.24 + 40-4^ + 304-24-64 = 0 

(1) 

r 

-4Ii + 30l2-2l4-6l5 = -16 

(2) 

-61i + 1813-414 = 30 

(3) 

-2I1-2I2-4I3 + 1214-415 = 0 

(4) 

-6I2-4I4 + 18l5 = -32 

(5) 
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Putting (1) to (5) in matrix form 


“30 

-4 

-6 

-2 

0 “ 


“-12“ 

-4 

30 

0 

-2 

-6 


-16 

-6 

0 

18 

-4 

0 

1 = 

30 

-2 

-2 

-4 

12 

-4 


0 

0 

-6 

0 

-4 

18 


_-32_ 


ZI = V 


Using MATLAB, 

» Z = [30,-4,-6,-2,0; 
-4,30,0,-2,-6; 

-6,0,18,-4,0; 

-2,-2,-4,12,-4; 
0,-6,0,-4,18] 


Z = 


30 

-4 

-6 

-2 

0 

-4 

30 

0 

-2 

-6 

-6 

0 

18 

-4 

0 

-2 

-2 

-4 

12 

-4 

0 

-6 

0 

-4 

18 


»V= [-12,-16,30,0,-32]' 


V = 
-12 
-16 
30 
0 
-32 


»I = inv(Z)*V 
1 = 

-0.2779 A 
-1.0488 A 
1.4682 A 
-0.4761 A 
-2.2332 A 
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Chapter 3, Problem 67. 


Obtain the node-voltage equations for the cireuit in Fig. 3.111 by inspection. Then solve 
forVo. 


2 A 



Figure 3.111 For Prob. 3.67. 


Chapter 3, Solution 67 

Consider the eireuit below. 


2 A 



■ 0.35 

-0.25 

0 


Vo" 

-0.25 

0.95 

o 

1 

V- 

0 

0 

-0.5 

0.5 


6 
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Since we actually have four unknowns and only three equations, we need a constraint 
equation. 

Vo = V2-V3 


Substituting this back into the matrix equation, the fírst equation becomes. 


0.35Vi- 3.25V2 + 3V3=-2 
This now results in the following matrix equation, 


■ 0.35 

-3.25 

3 


■- i 

-0.25 

0.95 

o 

1 

V = 

0 

0 

-0.5 

0.5 


6 


Now we can use MATLAB to solve for V. 


»¥=[0.35,-3.25,3;-0.25,0.95,-0.5;0,-0.5,0.5] 


Y = 

0.3500 -3.2500 3.0000 
-0.2500 0.9500 -0.5000 
0 -0.5000 0.5000 


»I=[-2,0,6]' 

1 = 

-2 

0 

6 

» V=inv(Y)*I 
V = 

-164.2105 

-77.8947 

-65.8947 


Vo = Vj - Vs = -77.89 + 65.89 = -12 V . 


Let us now do a quick check at node 1. 

-3(-12) + 0.1 (-164.21) + 0.25(-l 64.21+77.89) + 2 = 

+36 - 16.421 -21.58 + 2 = -0.001; answer checks! 
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Chapter 3, Problem 68. 

Find the voltage Vo in the eireuit of Fig. 3.112. 



Figure 3.112 For Prob. 3.68. 

Chapter 3, Solution 68 

Consider the eireuit below. There are two non-referenee nodes. 


3 A 
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0.125 -O.r 

V = 

-I-4-I-3 


7 

-0.1 0.19 


-3 + 24/25 


-2.04 


Using MATLAB, we get, 


» Y=[0.125,-0. l;-0.1,0.19] 


Y = 

0.1250 -0.1000 
-0.1000 0.1900 

»I=[7,-2.04]' 

1 = 

7.0000 

-2.0400 

»V=inv(Y)*I 

V = 

81.8909 

32.3636 

Thus. V. = 32.36 V . 

We can perform a simple check at node Vq, 

3 + 0.1(32.36-81.89) + 0.05(32.36) + 0.04(32.36-24) = 
3 - 4.953 + 1.618 + 0.3344 = - 0.0004; answer checks! 
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Chapter 3, Problem 69. 

For the circuit in Fig. 3.113, writc thc nodc voltagc cquations by inspcction. 

1 kLi 



Figurc 3.113 


Chapter 3, Solution 69 

Assumc that all conductanccs arc in mS, all currcnts arc in mA, and all voltagcs arc in 
volts. 

Gii = ( 1 / 2 ) + (1/4) + ( 1 / 1 ) = 1.75, G22 = (1/4) + (1/4) + ( 1 / 2 ) = 1 , 

G33 = (!/!) +(1/4)= 1.25, Gi 2 =-1/4 = -0.25, Gi 3 = -1/1=-1, 

G 2 i = -0.25, G23 =-1/4 = -0.25, G3i=-1, G32 = -0.25 

ii = 20, Ì 2 = 5, and Ì 3 = 10 - 5 = 5 

Thc nodc-voltagc cquations arc: 


“ 1.75 

-0.25 

-1 



“ 20 “ 

-0.25 

1 

-0.25 

^2 

= 

5 

- 1 

-0.25 

1.25 

_V3_ 


5 
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Chapter 3, Problem 70. 

Write the node-voltage equations by inspeetion and then determine values of Vi and V 2 
in the circuit in Fig. 3.114. 



Chapter 3, Solution 70 


3 

0 



4Ix+4 

-41,-2 


With two equations and three unknowns, we need a constraint equation, 
Ix = 2Vi, thus the matrix equation becomes. 


-5 

8 



This results in Vi = 4/(-5) = -0.8V and 
V 2 = [-8(-0.8) - 2]/5 = [6.4 - 2]/5 = 0.88 V . 
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Chapter 3, Problem 71. 


Write the mesh-current equations for the circuit in Fig. 3.115. Next, determine the values 
ofIi,l 2 , and I3. 
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Chapter 3, Solution 71 


■ 9 

1 

1 

1 


'10' 

-4 

7 

-1 

1 = 

-5 

-5 

-1 

9 


0 


We ean now use MATLAB solve for our currents. 
»R=[9,-4,-5;-4,7,-l;-5,-l,9] 

R = 

9 -4 -5 

-4 7 -1 

-5 -1 9 

»V=[10,-5,0]' 

V = 

10 
-5 
0 

»I=inv(R)*V 
1 = 

2.085 A 
653.3 mA 
1.2312 A 
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Chapter 3, Problem 72. 

By inspection, write the mesh-current equations for the circuit in Fig. 3.116. 



Chapter 3, Solution 72 


Rii = 5 + 2 = 7, R 22 = 2 + 4 = 6 , R 33 = 1 + 4 = 5, R 44 = 1 + 4 = 5, 
Ri2 = - 2 , Ri 3=0 = Ri 4 , R21=-2, R 23 =-4, R24 = 0, R 31 = 0 , 

R32 = -4, R34 = - 1 , R41 = 0 = R42, R43 = -1, we note that Rij = Rji for 
all i not equal to j. 

vi = 8 , V 2 = 4, V 3 = -10, and V 4 = -4 
Hence the mesh-current equations are: 


“ 7 

-2 

0 

0 “ 

"ii' 


8 

- 2 

6 

-4 

0 

h 


4 

0 

-4 

5 

-1 

h 


-10 

0 

0 

-1 

5 

_Ì4_ 


-4 
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Chapter 3, Problem 73. 

Write the mesh-current equations for the circuit in Fig. 3.117. 


2 Q 5 Q 



Figure 3.117 


Chapter 3, Solution 73 

Rii = 2 + 3 +4 = 9, R22 = 3 + 5 = 8 , R33 = 1+1 + 4 = 6 , R44 = 1 + 1 = 2 , 

Ri2 = - 3 , Ri3 =- 4 , Ri4 = 0 , R23 = 0 , R24 = 0 , R34 = -1 


vi = 6 , V 2 = 4, V 3 = 2, and V 4 = -3 


Hence, 


■ 9 

-3 

-4 

0 ■ 

ii 


■ 6 ■ 

-3 

8 

0 

0 



4 

-4 

0 

6 

-1 

Ì 3 


2 

_ 0 

0 

-1 

2 



_-3_ 
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Chapter 3, Problem 74. 

By inspection, obtain the mesh-current equations for the circuit in Fig. 3.11. 





Figure 3.118 


Chapter 3, Solution 74 

Ri 1 = Ri + R4 + Ró, R22 = R2 + R4 + R5, R33 = Ró + Rv + Rs, 

R44 = R3 + R5 + Rs, Ri2 ^ "R4, Ri 3 = -Ró, Ri 4 = 0, R23 = 0, 

R24 = -R5, R34 = -Rs, again, we note that Rij = Rji for all i not equal to j. 


The input voltage vector is = 


V. 

-V, 

V3 

-V4 


Rj + R4 + R^ 

-R4 

-R^ 

0 

ii 


■ V ■ 

-R4 

Rj + R4 + R5 

0 

-R5 

Ìj 


-V3 

-R^ 

0 

R^ + R? + R^ 

-R« 

Ì3 


V3 

0 

-R5 

DC 

1 

R3 + R. + R^ 

.14. 


-1 

1 

_1 
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Chapter 3, Problem 75. 

Use PSpice to solve Prob. 3.58. 

Chapter 3, Problem 58 

Find ii, Ì 2 , and h the circuit in Fig. 3.103. 


30 Q 
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Chapter 3, Solution 75 

* Schematics Netlist 


R 

R4 

$N 

00 

02 

$N 

0001 

3 

0 

R 

R2 

$n' 

00 

01 

$N 

0003 

1 

0 

R 

R1 

$n' 

00 

05 

$N 

0004 

3 

0 

r" 

R3 

$n' 

00 

03 

$N 

0004 

1 

0 

r" 

R5 

$n' 

00 

06 

$N 

0004 

3 

0 

V_ 

V4 

$n' 

00 

03 

0 120V 



V 

V3 

$n' 

00 

05 

$N 

0001 

0 


V 

V2 

0 ì 

$N 

0006 0 




V 

VI 

0 ; 

$N 

0002 0 






Clearly, ii = -3 amps . = 0 amps . and Ì 3 = 3 amps . which agrees with the answers in 
Problem 3.44. 


Chapter 3, Problem 76. 
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Use PSpice to solve Prob. 3.27. 

Chapter 3, Problem 27 

Use nodal analysis to determine voltages Vi, V 2 , and V 3 in the circuit in Fig. 3.76. 


4 S 


2A 



-- 


'1 

1 s fî 1 s 


5 s 

V \ V V 

>2S í 

W V V V 

>4S 2SÍ 

i c 




4 A 


Figure 3.76 


Chapter 3, Solution 76 
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* Schematics Netlist * 


I 

12 

0 $N 0001 DC 4A 



R 

’ri 

$N 0002 

$N 

0001 

0 . 

25 

R 

■R3 

$N 0003 

$N 

"0001 

1 


R 

■r2 

$N 0002 

$N 

"0003 

1 


F 

"fi 

$N 0002 

$N 

'0001 

VF 

_F1 

VF F1 

$N 0003 

$N 

"0004 

OV 


R 

R4 

0 $N 0002 

" 0.5 



R 

■r6 

0 $N 0001 

0.5 



I 

’ll 

0 $N 0002 DC 2A 



R 

■R5 

0 $N_0004 

0.25 





Clearly, vi = 625 mVolts . V2 = 375 mVoits . and V3 = 1.625 voits . which agrees with 
the solution obtained in Problem 3.27. 


Chapter 3, Problem 77. 

Solve for Vi and V 2 in the circuit of Fig. 3.119 using PSpice. 
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2i 



Figure3.119 ForProb. 3.77. 


Chapter 3, Solution 77 
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5 

R1 



As a check we can write the nodal equations, 


1.7 

- 1.2 



Solving this leads to Vi = 3.111 V and V 2 = 1.4444 V . The answer checks! 


Chapter 3, Problem 78. 
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Solve Prob. 3.20 using PSpice. 

Chapter 3, Problem 20 

For the circuit in Fig. 3.69, find Vi, V 2 , and V 3 using nodal analysis. 








P2V 







2Çi 


A A h A 




Pî 

F 

4» 


Figure 3.69 


Chapter 3, Solution 78 
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The schematic is shown below. When the circuit is saved and simulated the node 
voltages are displaced on the pseudocomponents as shown. Thus, 


y, =-3V, V, =4.5V,V3 =-15V, 



Chapter 3, Problem 79. 

Rework Prob. 3.28 using PSpice. 
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Chapter 3, Problem 28 

Use MATLAB to find the voltages at nodes a, b, c, and d in the circuit of Fig. 3.77. 



Figure 3.77 


Chapter 3, Solution 79 

The schematic is shown below. When the circuit is saved and simulated, we obtain the 
node voltages as displaced. Thus, 

V, =-5.278V, V, =10.28V, V, = 0.6944V, V, =-26.88V 



Chapter 3, Problem 80. 
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Find the nodal voltage Vi through V 4 in the circuit in Fig. 3.120 using PSpice. 


64 



Figure 3.120 


Chapter 3, Solution 80 
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Example 3.4 

Find the node voltages in the circuit of Fig. 3.12. 


3íì 



Figure 3.12 


Chapter 3, Solution 81 
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Clearly, Vi = 26.67 volts . V2 = 6.667 volts . V3 = 173.33 volts . and V4 = -46.67 volts 

which agrees with the results of Example 3.4. 


This is the netlist for this circuit. 

* Schematics Netlist * 

R_R1 0 $N_0001 2 

R_R2 $N_0003 $N_0002 6 

R_R3 0 $N_0002 4 

R_R4 0 $N_0004 1 

R_R5 $N_0001 $N_0004 3 

I_I1 0 $N_0003 DC lOA 

V_V1 $N_0001 $N_0003 20V 

E_E1 $N_0002 $N_0004 $N_0001 $N_0004 3 


Chapter 3, Problem 82. 

If the Schematics Netlist for a network is as follows, draw the network. 
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R R1 

1 

2 

2K 


R R2 

2 

0 

4K 


R R3 

2 

0 

8K 


R R4 

3 

4 

6K 


R R5 

1 

3 

3K 


V vs 

4 

0 

DC 

100 

I IS 

0 
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DC 

4 

F F1 

1 

3 

VF F1 

2 

VF F1 

5 

0 

OV 


E E1 

3 

2 

1 

3 


Chapter 3, Solution 82 



This network corresponds to the Netlist. 


Chapter 3, Problem 83. 
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The following program is the Schematics Netlist of a particular circuit. Draw the circuit 
and determine the voltage at node 2. 


R_R1 1 2 20 

R_R2 2 0 50 
R_R3 2 3 70 

R_R4 3 0 30 

V_VS 1 0 20V 

I_IS 2 0 DC 2A 

Chapter 3, Solution 83 


The circuit is shown below. 



When the circuit is saved and simulated, we obtain v^ = -12.5 volts 
Chapter 3, Problem 84. 

Calculate Vo and 4 in the circuit ofFig. 3.121. 


J" 4kíì 



Chapter 3, Solution 84 

From the output loop, Vo = 50iox20xlO^ = 10% (1) 

From the input loop, 3x10'^ + 4000io - Vo/100 = 0 (2) 

From (1) and (2) we get, io = 0.5 pA and Vo = 0.5 volt . 

Chapter 3, Problem 85. 
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An audio amplifíer with resistance supplies power to a speaker. In order that 
maximum power is delivered, what should be the resistance of the speaher? 


Chapter 3, Solution 85 

The amplifíer acts as a source. 



For maximum power transfer, 

Rl =R,=^ 

Chapter 3, Problem 86. 

For the simplifíed transistor circuit of Fig. 3.122, calculate the voltage Vo. 

1 kí2 



Chapter 3, Solution 86 

Let Vi be the potential across the 2 k-ohm resistor with plus being on top. Then, 
[(0.03 - Vi)/lk] + 400i = Vi/2k (1) 

Assume that i is in mA. But, i = (0.03 - Vi)/1 (2) 

Combining (1) and (2) yields, 

Vi = 29.963 mVolts and i = 37.4 nA, therefore, 

Vo = -5000x400x37.4x10'^ = -74.8 mvolts 


Chapter 3, Problem 87. 

For the circuit in Fig. 3.123, fínd the gain Vo/Vs. 
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Chapter 3, Solution 87 

Vi = 500(Vs)/{500 + 2000) = Vs/5 

vo = -400(60Vi)/(400 + 2000) = -40Vi = -40(Vs/5) = -8Vs, 

Therefore, Vo/Vs = ^ 

Chapter 3, Problem 88. 

Determine the gain Vo/Vs of the transistor amplifíer circuit in Fig. 3.124. 

ZmQ 2kíì ^ 



( 1 ) 

( 2 ) 

0.001vo)/20 


Figure 3.124 

Chapter 3, Solution 88 

Let Vi be the potential at the top end of the 100-ohm resistor. 

(Vs - Vi)/200 = Vi/100 + (Vi - 10''vo)/2000 
For the right loop, Vo = -40io( 10,000) = -40(Vi - 10'^) 10,000/2000, 
or, Vo = -200Vi + 0.2vo = -4xlO'^Vo 

Substituting (2) into (1) gives, (Vs + 0.004vi)/2 = -0.004vo + (-0.004vi - 
This leads to 0.125vo = lOvs or (vo/Vs) = 10/0.125 = :80 

Chapter 3, Problem 89. 
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Figure 3.125 For Prob. 3.89. 

Chapter 3, Solution 89 

Consider the circuit below. 



For the left loop, applying KVL gives 

-3-0.7 + 100x10^4+14^ = 0 > 4 = 30 M 

For the right loop, 

-14, + 15-/,(1xl0^) = 0 
But Iq = J3lg = 100x30 juA= 3 m A 

V.. =15-3x10-^x10^ =12 V 


Chapter 3, Problem 90. 
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Calculate Vs for the transistor in Fig. 3.126, given that = 4 V, 150, Ybe = 0.7V. 

I kQ 



Figure 3.126 


Chapter 3, Solution 90 



For loop 1, -Vs + 10k(lB) + Vbe + Ie (500) = 0 = -\, + 0.7 + 10,000Ib + 500(1 + P)Ib 
which leads to v^ + 0.7 = 10,000Ib + 500(151)Ib = 85,500Ib 
But, vo = 500 Ie = 500x15 IIb = 4 whichleadsto Ib = 5.298x10'^ 

Therefore, Vs = 0.7 + 85,500Ib = 5.23 volts 
Chapter 3, Problem 91. 
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For the transistor circuit of Fig. 3.127, find/^, Vce, and Vo. Take j3= 200, Wbe = 0.7V. 

5 kíl 



Chapter 3, Solution 91 

We fírst determine the Thevenin equivalent for the input circuit. 

Rxh = 6||2 = 6x2/8 = 1.5 kD and Vxh = 2(3)/{2+6) = 0.75 volts 

5kQ 



For loop 1, -0.75 + 1.5klB + Vbe + 400Ie = 0 = -0.75 + 0.7 + 1500Ib + 400(1 + (3)1^ 
Ib = 0.05/81,900 = 0.61 uA 
vo = 400Ie = 400(1 + P)Ib = 49 mV 

For loop 2, -400Ie - Vce - 5klc + 9 = 0, but, Ic = PIb and Ie = (1 + P)Ib 

VcE = 9 - 5kpiB - 400(1 + P)Ib = 9- 0.659 = 8.641 volts 
Chapter 3, Problem 92. 
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Find Ib and Vc for the circuit in Fig. 3.128. Let j3 = 


5kn 



100,Ybe = 0.7Y. 


Chapter 3, Solution 92 


5kn 



Ii — Ib + Ic “ (1 + P)Ib and Ie — Ib + Ic — Ii 


Applying KVL around the outer loop, 

4klE + Vbe + IOLIb + 5kli = 12 

12 - 0.7 = 5k(l + P)Ib + 10klB + 4k(l + (3 )Ib = 919klB 

lB=lL3/919k= 12.296 pA 

Also, 12 = 5kli + Vc which leads to Vc = 12 - 5k(101)lB = 5.791 volts 

Chapter 3, Problem 93 

Rework Example 3.11 with hand calculation. 
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In the circuit in Fig. 3.34, determine the currents ii, h, and 13 . 

1 a 



Figure 3.34 

Chapter 3, Solution 93 




(b) 


At node 1 in (a), ((24 - vi)/4) = (vi/2) + ((vi +3vo - V2)/2) + ((vi - v^)/!), where Vo = V 2 
or 24 = 9vi which leads to vi = 2.667 volts 
At node 2, ((vi - v^)/!) + ((vi + 3vo - V2)/2) = (v^/S) + v^/d, vo = vi 

V 2 = 4vi = 10.66 volts 

Now we can solve for the currents, ii = Vi/2 = 1.333 A. Ì 2 = 1.333 A. and 


Ì 3 = 2.6667 A. 
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Chapter 4, Problem 1. 


Calculate the cuiTcnt io in the eircuit of Fig. 4.69. What does this cunent become when 
the input voltage is raised to 10 V? 

I Q 5Q 

—N\N\r 

IV Q 


Figure 4.69 



Chapter 4, Solution 1. 



8||(5 + 3) = 4n, i = — 

" l + ^ 

=-i = —= O.IA 
2 10 - 


5 


Since the resistance remains the same we get i = 10/5 = 2A which leads to 

io = (l/2)i = (1/2)2 = 1A. 
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Chapter 4, Problem 2. 

Find Vo in the circuit of Fig. 4.70. If the source cuiTent is reduced to 1 juA, what is v^? 


5Q 4 £ì 



Chapter 4, Solution 2. 

6||(4 + 2) = 3ÍÎ, i,=i,=^A 

io=hi=^, v„=2i„ = MV 



If is = 1 laA, then Vo = O.SuV 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou aie using it without permission. 

























Chapter 4, Problem 3. 

(a) In the circuit in Fig. 4.71, calculatc Vo and lo whcn = 1 V. 

(b) Find Vo and 4 whcn Vs= 10 V. 

(c) What arc Vo and lo when each of the 1 -Q resistors is replaccd by a 10-Q resistor 
and lOV? 

I a 




(a) We transfoim the Y sub-ciicuit to the equivalent A. 


R 3R = 


3R" 


= -R, -R + -R = -R 

4 4 4 2 


V, 

v„ =-^ independent ofR 

io = Vo/(R) 


When Vs = IV, Vn = 0.5V. io = OJA 

(b) When v. = lOV. Vo = 5V. io = 5A 

(c) When v^ = 1OV and R = 10Í2, 

Vo= ÌV,io= 10/(10)= SOOmA 
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Chapter 4, Problem 4. 


Use linearity to detennine io in the cireuit in Fig. 4.72. 

3Q 2Q 



Chapter 4, Solution 4. 

If lo = 1, the voltage across the 6Q resistor is 6V so that the euiTent through the 3Q 
resistor is 2A. 




Hence h = 3 + 3 = 6A 

If h = 6A - ^10=1 

h = 9A-► lo = 9/6 = 
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Chapter 4, Problem 5. 


For the circuit in Fig. 4.73, assume Vo = 1 V, and use linearity to find the aetual value 
ofVa. 


2Í1 3 Q 2 Q 



Chapter 4, Solution 5. 



If Vo = IV, 


V,=(i).l = 2V 


V 



3 


Ifv.= i^ 

3 


-> Vo = 1 


Then v. = 15 


Vo= —xl5= 4.5V 
10 — 
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Chapter 4, Problem 6. 

For the linear eircuit shown in Fig. 4.74, use linearity to eomplete the following table. 


Experiment 

Vs 

Vo 

1 

12 V 

4 V 

2 

— 

16 V 

3 

1 V 

— 

4 

-- 

-2V 



Figure 4.74 For Prob. 4.6. 


Chapter 4, Solution 6. 

Due to linearity, fiom the first experiment. 


\/ 



Applying this to other experiments, we obtain: 


Experiment 

Vs 

Vo 

2 

48 

16 V 

3 

1 V 

0.333 V 

4 

-6 V 

-2V 
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Chapter 4, Problem 7. 


Use linearìty and the assumption that Vo= IV to find the aetual value of Vo in Fig. 4.75. 



Chapter 4, Solutìon 7. 

If Vo= IV, then the cunent through the 2 -íì and 4-Q resistors is Vi = 0.5. The voltage 
across the 3-Q resistor is (4 + 2) = 3 V. The total eunent through the 1-Q resistor is 
0.5 +3/3 = 1.5 A. Hence the source voltage 

v, = 1y1.5 + 3 = 4.5 V 

If v^ = 4.5 -> IV 

Then v^ = 4 -> —x4 = 0.8889 V = 888.9 mV. 

“ 4.5 - - 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pait 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher, or used bevond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without permission. 



Chapter 4, Problem 8. 


Using supeiposition, find Vo in the circuit of Fig. 4.76. 



Figure 4.76 For Prob. 4.8. 
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Chapter 4, Solution 8. 


Let Vo = Vi + V 2 , where Vi and V 2 are due to 9-V and 3-V sources respectively. To find 
Vi, consider the circuit below. 


Vi 



3 9 1 


> K = 27/13 = 2.0769 


To find V 2 , consider the circuit below. 



^ 4 ,^ 3-\4 
9 3 1 


^ 14=27/13 = 2.0769 


Vo = Vi + V 2 = 4.1538 V 
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Chapter 4, Problem 9. 

Use supeiposition to find Vo in the circuit of Fig. 4.77. 
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Chapter 4, Solution 9. 


Let Vo = vi + V 2 , where vi and V 2 are due to 6-A and 20-V sourees respectively. We find 
vi using the cireuit below. 



2//2 =in, v,= ^x-^{6A) = 4 V 
’ 4 + 2 

We fínd V 2 using the eireuit below. 



V2 


1 

1 + 1 + 4 


(18) = 3 V 


Vo = vi + V 2 =4 + 3 = 7 V 
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Chapter 4, Problem 10. 

For the circuit in Fig. 4.78, find thc tciTninal voltagc Vah using supciposition. 



Figurc 4.78 

Chapter 4, Solution 10. 

Lct Vab = Vabi + Vab 2 whcrc Vabi uud Vab 2 ui'c duc to thc 4-V aud thc 2-A sourccs 
rcspcctivcly. 




For Vabi, considcr Fig. (a). Applying KVL givcs, 

- Vabi - 3 Vabi + 10x0 + 4 = 0, which lcads to Vabi = 1 V 
For Vab 2 , considcr Fig. (b). Applying KVL givcs, 

- Vab2-3Vab2+ 10x2 = 0, which lcads to Vab2 = 5 
Vab = 1 + 5 = ^ 
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Chapter 4, Problem 11. 

Use the supeiposition principle to find io and Vo in the cireuit of Fig. 4.79. 



Chapter 4, Solutìon 11. 

Let Vo = Vi + V 2 , where Vi and v^ are due to the 6-A and 80-V sourees respectively. To 
find Vi, consider the circuit below. 


10 Q 20 



At node a, 

V V —Vu 

6 = ^ + ^-L -> 240 = 5u -4w (1) 

40 10 " ^ ^ 

At node b, 

-Ii - 4Ii + (Vb - 0)/20 = 0 or Vb = 1 OOIi 
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But /| = which leads to 100(Va-Vb)10 = Vb or Vb = 0.9091Va (2) 

Substituting (2) into (1), 

5va-3.636va = 240 orVa= 175.95 andvb= 159.96 
However, Vi = Va - Vh = 15.99 V. 

To fínd V 2 , consider the circuit below. 



O-V^ .. (-30-vj - 

-^ + 4/„ + ^ = 0 


But /■ 


50 
(O-'/ç) 

50 

5v, (30+i/J 


20 


50 


20 


= 0 


O-v^ _ 0 + 10 _ 1 


50 


50 


v,=-10V 


1/2=10/2 = 2 V 


Vo = Vi + V2 =15.99 + 2 = 17.99 V and io = Vo/10= 1.799 A. 
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Chapter 4, Problem 12. 

Detennine Vo in the eircuit in Fig. 4.80 using the supeiposition principle. 


2 ,\ 



Figure 4.80 
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Chapter 4, Solutíon 12. 


Let Vo = Voi + Vo 2 + Vo 3 , where Voi, Vo 2 , and Vos are due to the 2-A, 12-V, and 19-V 
sources respectively. For Voi, consider the circuit below. 



6||3 = 2 ohms, 4||12 = 3 ohms. Hence, 
io = 2/2 = l,Voi = 5io = 5V 
For Vo 2 , consider the circuit below. 



3||8 = 24/11, vi = [(24/ll)/(6 + 24/ll)]12 = 16/5 
Vo 2 = (5/8)vi = (5/8)(16/5) = 2V 
For Vo 3 , consider the circuit shown below. 



7||12 = (84/19) ohms, V 2 = [(84/19)/(4 + 84/19)] 19 = 9.975 
V = (-5/7)v2 = -7.125 


Vo = 5 + 2-7.125 = -125 mV 
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Chapter 4, Problem 13. 

Use supeiposition to find Vo in the cireuit of Fig. 4.81. 

4 A 



Figure 4.81 For Prob. 4.13. 

Chapter 4, Solutíon 13. 

Let + v^, where V], v^, and V 3 are due to the independent sourees. To 

find Vi, eonsider the circuit below. 


8Q 



v^ = 5x 


10 


10+8+5 


X2 = 4.3478 
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To fìnd V 2 , consider the circuit below. 


4A 



Vp = 5x - x4 = 6.9565 

" 8+10+5 


To fínd V 3 , consider the cireuit below. 


12 V 





5 + 10 + 8 


-2.6087 


= v^ + V2 + v ,= 8.6956 V = 8.696V . 
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Chapter 4, Problem 14. 

Apply the supeiposition principle to find Vo in the circuit of Fig. 4.82. 





Figure 4.82 
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Chapter 4, Solution 14. 

Let Vo = Voi + Vo 2 + Vo 3 , where Voi, Vo 2 , and Vo 3 , are due to the 20-V, 1-A, and 2-A 
sources respectively. For Voi, consider the eircuit below. 



6||(4 + 2) = 3ohms,Voi = (^2)20 = lOV 
For Vo 2 , consider the circuit below. 



3||6 = 2ohms,Vo2 = [2/(4 + 2 + 2)]4 = IV 
For Vo 3 , consider the circuit below. 



611(4 + 2) = 3,Vo 3 = (-1)3 = -3 
Vo = 10+1-3 = 8V 
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Chapter 4, Problem 15. 


For the circuit in Fig. 4.83, usc supciposition to find /. Calculatc thc powcr dclivcrcd to 
thc 3-Q rcsistor. 



Figurc 4.83 


Chapter 4, Solution 15. 

Lct i = ii + Ì 2 + is, whcrc ii , i^ , and Ì 3 arc duc to thc 20-V, 2-A, and 16-V sourccs. For 
ii, considcrthc circuit bclow. 



4||(3 + 1) = 2ohms, Thcn io = [20/(2+ 2)] = 5 A, ii = io/2 = 2.5 A 
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2||4 = 4/3, 3+4/3 = 13/3 
Using the cunent division prineiple. 

Ì2 = [1/(1 + 13/2)]2 = 3/8 = 0.375 
i = 2.5 + 0.375 - 1 = 1.875 A 
p = i^R = (1.875)^3 = 10.55 watts 
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Chapter 4, Problem 16. 

Given the circuit in Fig. 4.84, use supeiposition to get 4. 


4A 



Figure 4.84 
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Chapter 4, Solution 16. 


Let io = ioi + io 2 + io 3 , where ioi, io 2 , and io 3 are due to the 12-V, 4-A, and 2-A sources. 
For ioi, consider the eircuit below. 



1011(3+2 + 5) = Sohms, ioi = 12/(5+ 4) = (12/9) A 



2 + 5 + 4||10 = 7 + 40/14 = 69/7 
ii = [3/(3 + 69/7)]4 = 84/90, io2 =[-10/(4 + 10)]ii = -6/9 

For io 3 , eonsider the circuit below. 



3+2 + 4||10 = 5 + 20/7 = 55/7 
Ì2 = [5/(5 + 55/7)]2 = 7/9, io3 = [-10/(10 + 4)]Ì2 = -5/9 
io = (12/9)-(6/9)-(5/9) = 1/9 = 111.11 mA 
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Chapter 4, Problem 17. 

Use supeiposition to obtain Vx in the circuit of Fig. 4.85. Cheek your result using PSpice. 


30 íì 


90 \ 



4n\ 


Figure 4.85 
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Chapter 4, Solution 17. 

Let Vx = Vxi + Vx 2 + Vx 3 , where Vxi,Vx 2 , and Vx 3 are due to the 90-V, 6-A, and 40-V 
sourees. For Vxi, consider the circuit below. 



20||30 = 12 ohms, 60||30 = 20 ohms 
By using cuiTent division, 

io = [20/(22+ 20)]3 = 60/42, Vxi = lOio = 600/42 = 14.286 V 
For Vx 2 , eonsider the eircuit below. 




io’ = [12/(12+ 30)]6 = 72/42, Vx2 = -lOio’ =-17.143 V 


For Vx 3 , consider the eircuit below. 



io” = [12/(12+ 30)]2 = 24/42, Vx3 = -lOio” = -5.714= [12/(12 + 30)]2 = 24/42, Vx3 

= -lOio” = -5.714 

= [12/(12+ 30)]2 = 24/42, Vx3 = -lOio” = -5.714 
Vx = 14.286- 17.143 -5.714 = -8.571 V 
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Chapter 4, Problem 18. 

Use supeiposition to find Vo in the cireuit of Fig. 4.86. 

1 Q 



PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pait 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher, or used bevond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without permission. 





Chapter 4, Solution 18. 


Let Vo = Vi + V 2 , where Vi and V 2 are due to 10-V and 2-A sources respeetively. To 
find Vi, we use the circuit below. 


1 n 



V 



-10 + 7i-0.5Vi = 0 


But Vi = 4i 

'10 = 7/-2/=5/ -> /-2, ^ = 8V 
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To fìnd V 2 , we use the circuit below. 


1 n 



V 



- 4 + 7i - O. 5 V 2 =0 


But V 2 = 4i 

4 = 7/-2/=5/ -> /=0.8, 1 / 2 = 4 /= 3.2 

Vo = Vi + V2= 8 +3.2 = 11.2 V 
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Chapter 4, Problem 19. 

Use supeiposition to solve for Vx in the cireuit of Fig. 4.87. 



Figure 4.87 
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Chapter 4, Solution 19. 

Let Vx = vi + V 2 , where Vi and v^ are due to the 4-A and 6-A sources respeetively. 



To find Vi, consider the cireuit in Fig. (a). 

vi /8 - 4 + (vi - (^ix))/2 = 0 or (0.125+0.5)vi = 4 - 2ix or vi = 6.4 - 3.2ix 
But, ix = (vi - (-4ix))/2 or ix = -0.5vi. Thus, 

vi = 6.4 + 3.2(0.5vi), which leads to Vi = -6.4/0.6 = -10.667 

To find V 2 , consider the circuit shown in Fig. (b). 

V 2/8 - 6 + (V 2 - (^ix))/2 = 0 or V 2 + 3.2ix = 9.6 
But ix = -0.5v2. Therefore, 

V 2 + 3.2(-0.5v2) = 9.6 whiehleadsto V 2 = -16 
Hence, Vx = -10.667- 16 = -26.67V . 

Checking, 

ix = -0.5Vx = 13.333A 

Now all we need to do now is sum the cuiTents flowing out of the top node. 
13.333 - 6 - 4 + (-26.67)/8 = 3.333 - 3.333 = 0 
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Chapter 4, Problem 20. 

Use source transfomiations to reduee the circuit in Fig. 4.88 to a single voltage source in 
seríes with a single resistor. 



Figure 4.88 For Prob. 4.20. 
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Chapter 4, Solution 20. 

Conveit the voltage sourees to cunent sources and obtain the circuit shown below. 



— = —+ —+ J- = o.1 + 0.05 + 0.025 = 0.175 -> ^eq = 5.714Q 

1%^ 10 20 40 

leq = 3 + 0.6 + 0.4 = 4 

Thus, the eireuit is reduced as shown below. Please note, we that this is merely an 
exercise in combining sources and resistors. The circuit we have is an equivalent circuit 
which has no real puipose other than to demonsti'ate source transfoimation. In a practical 
situation, this would need some kind of reference and a use to an extemal circuit to be of 
real value. 


5.714 Q 
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Chapter 4, Problem 21. 

Apply source transfonnation to detennine Vo and 4 in the eireuit in Fig. 4.89. 


4 6 Q 



Figure 4.89 

Chapter 4, Solutìon 21. 

To get io, transfoiTn the cuiTent sources as shown in Fig. (a). 


■>—m 




FromFig. (a), -12 + 9io + 6 = 0, therefore io = 666.7 mA 

To get Vo, tiansfoim the voltage sources as shown in Fig. (b). 

i = [6/(3 + 6)](2 + 2) = 8/3 
Vo - 3i - 8V 
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Chapter 4, Problem 22. 


RefeiTÌng to Fig. 4.90, use source transfomiation to detennine the cuiTent and power in 
the 8-Q resistor. 




Figure 4.90 

Chapter 4, Solution 22. 

We transfoim the two sources to get the circuit shown in Fig. (a). 




We now tiansfoim only the voltage source to obtain the circuit in Fig. (b). 

10||10 = 5ohms, i = [5/(5 + 4)](2 - 1) = 5/9 = 555.5 mA 
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Chapter 4, Problem 23. 

RefeiTÌng to Fig. 4.91, use souree tiansfonnation to deteimine the cuiTent and 
power in the 8-Q resistor. 


SQ 3ÍÌ 



Chapter 4, Solutìon 23 

If we hansfoiTn the voltage source, we obtain the circuit below. 

8n 



3//6 = 2-ohm. Conveit the euiTent sourees to voltages sourees as shown below. 

lOQ Sn 2ÍÌ 



Applying KVL to the loop gives 

-30 + 10 + /(10 + 8 + 2) = 0 -> /=1A 


p = VI = I^R = 8W 
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Chapter 4, Problem 24. 

Use source transfoiTnation to find the voltage Vx in the eircuit of Fig. 4.92. 

3 A 



Figure 4.92 For Prob. 4.24. 
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Chapter 4, Solution 24. 


TransfoiTn the two cuiTent sources in parallel with the resistors into their voltage source 
equivalents yield, 

a 30-V source in serìes with a 10-íl resistor and a 20Vx-V sources in serìes 
with a 10-Í2 resistor. 

We now have the following circuit, 



We now wiite the following mesh equation and consti'aint equation which will lead to a 
solution for Vx, 

281 - 70 + 20Vx = 0 or 281 + 20Vx = 70, but Vx = 81 which leads to 
281 + 1601 = 70 or I = 0.3723 A or Vx = 2.978 V . 
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Chapter 4, Problem 25. 


Obtain Vo in the circuit of Fig. 4.93 using source transfoiTnation. Check your result using 
PSpice. 

lA 



Figure 4.93 

Chapter 4, Solution 25. 

TransfoiTning only the cuiTent source gives the circuit below. 



Applying KVL to the loop gives, 

-(4 + 9 + 5+2)i + 12- 18-30-30 = 0 
20i = -66 whichleadsto i = -3.3 


Vo = 2i = -6.6 y 
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Chapter 4, Problem 26. 

Use source transfomiation to find io in the circuit of Fig. 4.94. 


sn 



Figure 4.94 ForProb. 4.26. 


Chapter 4, Solutìon 26. 

XransfoiTning the cuiTent sourees gives the circuit below. 

15 V 



-12 + 1 lio -15 +20 = 0 or 1 lio = 7 or io = 636.4 mA . 
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20 V 



Chapter 4, Problem 27. 

Apply source transfomiation to find Vx in the circuit of Fig. 4.95. 


10 I2Q ^ 211Q 



-- 


-- 





ÎO V ^ 

5 i 

î 400 ç 

c; 


Figure 4.95 

Chapter 4, Solutìon 27. 

XransfoiTning the voltage sources to cuirent sources gives the circuit in Fig. (a). 


10||40 = 8ohms 


XransfoiTning the cunent sources to voltage sources yields the circuit in Fig. (b). 
Applying KVL to the loop, 

-40 + (8 + 12 + 20)i + 200 = 0 leads to i = -4 


Vx 12i = -48 V 



-W\r 
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Chapter 4, Problem 28. 

Use source transfomiation to find lo in Fig. 4.96. 


1 Á r\ 



Figure 4.96 ForProb. 4.28. 

Chapter 4, Solutìon 28. 

Conveit the dependent eunent source to a dependent voltage source as shown below. 


1 o i A o ^ o 



Applying KVL, 

-8 + /;(i+4+3)-v; = o 

But 14=4/; 

-8 + 8/„-4/; = 0 -> /;=2_A 
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Chapter 4, Problem 29. 

Use source transfomiation to find Vo in the circuit of Fig. 4.93. 



Figure 4.93 

Chapter 4, Solutìon 29. 

Transfomi the dependent voltage source to a cunent source as shown in Fig. (a). 2||4 = 
(4/3) k ohms 

^vvv— 

^V\A^ 


+ 

V. 

It is clear that i = 3 mA whieh leads to Vo = 1 OOOi = 3 V 

If the use of source transfonnations was not required for this problem, the actual answer 
could have been deteimined by inspection ríght away since the only cunent that could 
have flowed through the 1 k ohm resistor is 3 mA. 
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Chapter 4, Problem 30. 


Use source transfonnation on the eircuit shown in Fig 4.98 to find 4- 



Figure 4.98 
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Chapter 4, Solution 30 

Transfomi the dependent cuiTent source as shown below. 


ix 24n 60n lOQ 



Combine the 60-ohm with the 10-ohm and transfoim the dependent source as shown 
below. 

ix 24 n 



Combining 30-ohm and 70-ohm gives 30//70 = 70x30/100 = 21-ohm. Transfoim the 
dependent cuiTent source as shown below. 

ix 24n 21 n 



2.1ÌX 


Applying KVL to the loop gives 


45i,-12-h2.14 =0 


> i. = — = 254.8 mA 
47.1 - 
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Chapter 4, Problem 31. 

DeteiTnine Vx in the eircuit of Fig. 4.99 using souree tiansfonnation. 


3 íi 6 n 



Figure 4.99 


Chapter 4, Solution 31. 

Transfomi the dependent souree so that we have the cireuit in 

Fig. (a). 6||8 = (24/7) ohms. Transfoim the dependent source again to get the circuit in 
Fig. (b). 





From Fig. (b), 


Applying KVL, 


Vx = 3i, or i = Vx/3. 


-12 + (3 + 24/7)i + (24/21)Vx = 0 

12 = [(21 +24)/7]Vx/3 + (8/7)Vx, leads to Vx = 84/23 = 3.652 V 
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Chapter 4, Problem 32. 

Use source transfonnation to find 4 in the circuit of Fig. 4.100. 

L(»U 



Chapter 4, Solutìon 32. 

As shown in Fig. (a), we ti'ansfonn the dependent cuiTent souree to a voltage source, 




In Fig. (b), 50||50 = 25 ohms. Applying KVL in Fig. (e), 
-60 +40ix-2.5ix = 0, or 4 = 1.6 A 
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Chapter 4, Problem 33. 

DeteiTnine /Îti, and Fxii at teiTninals 1-2 of eaeh of the eireuits of Fig. 4.101. 


10 £2 
MA/^ 


20 V 




■O 1 


o 2 




60 £2 



(b) 


Figure 4.101 

Chapter 4, Solutìon 33. 


(a) Rji, = 10||40 = 400/50 = 8 ohms 

Vn, = (40/(40 + 10))20 = 

(b) Rti, = 30||60 = 1800/90 = 20 ohms 

2 + (30-vl)/60 = Vi/30, and Vi = VTh 
120 + 30-Vi = 2vi, or vi = 50V 
Vti, = 50V 
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Chapter 4, Problem 34. 

Find the Thevenin equivalent at teiTninals a-b of the circuit in Fig. 4.102. 

3A 



Figure 4.102 
Chapter 4, Solutìon 34. 

To fìnd Rtii, consider the circuit in Fig. (a). 



Rxh = 20+ 10||40 = 20 + 400/50 = 28 ohms 
To fìnd Vtii, consider the circuit in Fig. (b). 

Atnodel, (40-Vi)/10 = 3 + [(vi - V2)/20] + Vi/40, 40 = 7vi-2v2 (1) 

Atnode2, 3 + (vl-v2)/20 = 0, or vl = v2-60 (2) 

Solving(l)and(2), vi = 32 V, v^ = 92 V, andVTh = = 92V 
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Chapter 4, Problem 35. 

Use Thevenin’s theorem to find Vo in Prob. 4.12. 


Chapter 4, Problem 12. 

Detemiine Vo in the circuit in Fig. 4.80 using the supeiposition principle. 


2 ,\ 



Figure 4.80 
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Chapter 4, Solution 35. 

To fìnd Rtii, consider the cireuit in Fig. (a). 

Rtii = Rab = 6||3 + 12||4 = 2 + 3 =5 ohms 

To fìnd Vtii, consider the circuit shown in Fig. (b). 




Atnode 1, 2+ (12- vi)/6 = Vi/3, or vi = 8 

Atnode2, (19-V2)/4 = 2 + V 2 /I 2 , or V 2 = 33/4 

But, -Vi+Vtii + V 2 = 0, or Vtii = V 1 -V 2 = 8-33/4 = -0.25 






Chapter 4, Problem 36. 

Solve for the euiTent i in the cireuit of Fig. 4.103 using Thevenin’s theorem. {Hint: Find 
the Thevenin equivalent as seen by the 12-Q resistor.) 



40 Q 


Figure 4.103 

Chapter 4, Solution 36. 

Remove the 30-V voltage source and the 20-ohm resistor. 



From Fig. (a), 

RtIi 

From Fig. (b). 

Vxh 


= 10||40 = 8 ohms 



í 


t 


The equivalent circuit of the original circuit is shown in Fig. (c). Applying KVL, 

30 - 40 + (8 + 12)i = 0, which leads to i = SOOmA 
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Chapter 4, Problem 37. 

Find the Noiton equivalent with respect to teiTninals a-b in the eircuit shown in 
Fig. 4.100. 





Figure 4.100 
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Chapter 4, Solutíon 37 


Rn is found fi'om the circuit below. 

20 fì 



Rv = 12/7(20 + 40) = 10Q 

In is found from the eircuit below. 



Applying souree tiansformation to the euiTent souree yields the eircuit below. 


20fl 40Q + 80V - 



-120 + 80 + 601^=0 -> 1^=40/60= 666.7 mA . 
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Chapter 4, Problem 38. 

Apply Thèvenin’s theorem to find Vo in the circuit ofFig. 4.105. 


4iï I Ct 



Figure 4.105 


Chapter 4, Solution 38 

We find Thevenin equivalent at the teiminals of the 10-ohm resistor. For Rtii, consider 
the circuit below. 


m 



=l + 5//(4 + 16) = l + 4 = 5Q 
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For Vtii, consider the circuit below. 



Atnode 1, 

2 = Yl + YlzXl -^ 48 = 5V,-4y, (1) 

16 4 ' ‘ 

At node 2, 
y -Y 12-V 

^ +-^ = 0 -> 48 = -5V.+9V (2) 

4 5 

Solving (1) and (2) leads to 
V,,=V,=19.2 

Thus, the given circuit can be replaced as shown below. 


sn 



Using voltage division, 

V =^^(19.2) = 12.8 V 

" 10 + 5 
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Chapter 4, Problem 39. 

Obtain the Thevenin equivalent at tenninals a-b of the circuit in Fig. 4.106. 

3 A 



Figure 4.106 For Prob. 4.39. 
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Chapter 4, Solution 39. 

We obtain Rtii using the eircuit below. 



To find Vtii, we use the eircuit below. 

3 A 



Atnode 1, 


24-\<,3 \<-\4 

10 10 


54 = 2\<-\4 


At node 2, 

^^^ = 3 + ^ -> 60 = 2\<-6\4 

10 5 ' " 


( 1 ) 

( 2 ) 


Substi'acting (1) fì'om (2) gives 

6 = -5V, -> \4=1.2V 

But 

-^2+16x3+V^=0 -> = -49.2 V 
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Chapter 4, Problem 40. 


Find the Thevenin equivalent at teiTninals a-b of the eireuit in Fig. 4.107. 

+ Vo - 


lom 

20 kD 

( 

b a 

J ( 

P b V 


Figure 4.107 For Prob. 4.40. 

Chapter 4, Solution 40. 

To obtain Vxh, we apply KVL to the loop. 

-70 + (10 + 20)/(/+4l4 = 0 
But \4=10/(/ 

70 = 70kl -> /= 1/77/4 


-70 + 10/(/+\4 = 0 


'/7h=60J/ 


To fínd Rxh, we remove the 70-V souree and apply a 1-V souree at terminals a-b, as 
shown in the eireuit below. 



Vo^ 10kD 


We notice that Vo = -1 V. 

-1 + 20/f(+4V; =0 -> (=0.25mA 

, , l'/ A 

L = / +-= 0.35 mA 

^ ^ 10/f 

FL= — = -^l<n = 2.857 kn 
^ 4 0.35 - 
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Chapter 4, Problem 41. 


Find the Thèvenin and Noiton equivalents at tenninals a-b of the circuit shown in 
Fig. 4.108. 



Figure 4.108 
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Chapter 4, Solutìon 41 

To fìnd Rtii, consider the circuit below 


14Q 



R,,^=5//(l4 + 6) = 4n = R, 


Applying source tiansfoiTnation to the 1-A cuirent source, we obtain the circuit below. 

6n - 14V+ 14íT Vti, 



At node a, 


14 + 6-V^ 

6 + 14 5 


+ y„.=-8v 


/a. =^ = (-8)/4 = -2A 

Rti. 


Thus, 

/?„, =R, =4Q, V„,=-8V, /„=-2A 
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Chapter 4, Problem 42. 


For the circuit in Fig. 4.109, find Thcvcnin cquivalcnt bctwccn tciTninals a and b. 


20 íì 



Figurc 4.109 
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Chapter 4, Solutìon 42. 

To fìnd Rtii, consider the circuit in Fig. (a). 




20||20 =10 ohms. Transfonn the wye sub-network to a delta as shown in Fig. (b). 
101130 = 7.5ohms. Rxh = Rab = 30||(7.5 + 7.5) = 10 ohms . 

To fìnd Vtii, we transfoim the 20-V and the 5-V sources. We obtain the circuit shown in 
Fig. (c). 



Forloopl, -30 + 50 + 30ii - IOÌ 2 = 0, or -2 = 3ii-Ì2 (1) 

Forloop2, -50 - 10 + 3 OÌ 2 - lOii = 0, or 6 = -ii + 3Ì2 (2) 

Solving (1) and (2), ii = 0, Ì 2 = 2 A 

Applying KVL to the output loop, -Vab - lOii + 30 - IOÌ 2 = 0, Vab = 10 V 

VtIi = Vab = 10 volts 
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Chapter 4, Problem 43. 

Find the Thevenin equivalent looking into teiminals a-b of the circuit in Fig. 4.110 and 
solve for 4- 


Jii n 





2 \ 


Figure 4.110 
Chapter 4, Solution 43. 

To find Rtii, consider the circuit in Fig. (a). 






Rtii = 10||10 + 5 = 10 ohms 
To find Vtii, eonsider the cireuit in Fig. (b). 

Vb = 2x5 = 10 V, Va = 20/2 = lOV 
But, -Va + VTh + Vb = 0, or VtIi = Va-Vb = 0 volts 
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Chapter 4, Problem 44. 

For the circuit in Fig. 4.111, obtain thc Thcvcnin cquivalcnt as sccn fìom tciminals 
(a) a-b (b) b-c 


3 Í2 ìíì 



Figurc 4.111 
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Chapter 4, Solutìon 44. 

(a) For Rtii, consider the eireuit in Fig. (a). 


Rtii = 1 + 4||(3 + 2 + 5) = 3.857 ohms 
For Vtii, eonsider the eireuit in Fig. (b). Applying KVL gives, 

10-24 + i(3+4 + 5+2), ori = 1 
VTh = 4i = 4V 






Rtii = 5||(2 + 3+4) = 3.214 ohms 
To get Vtii, eonsider the eireuit in Fig. (d). At the node, KCL gives, 

[(24-vo)/9]+2 = vo/5, or vo = 15 
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Chapter 4, Problem 45. 


Vtii = vo = 15V 


Find the Thevenin equivalent of the circuit in Fig. 4.112. 

6 0 



Figure 4.112 


Chapter 4, Solutìon 45. 

For Rn, consider the circuit in Fig. (a). 





Rn = (6 + 6)||4 = 3 ohms 

For In, consider the cireuit in Fig. (b). The 4-ohm resistor is shoited so that 4-A euiTent 
is equally divided between the two 6-ohm resistors. Hence, 


In = 4/2 = 2A 
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Chapter 4, Problem 46. 

Find the Noiton equivalent at teiTninals a-b of the eireuit in Fig. 4.113. 


lOQ 



Chapter 4, Solutìon 46. 

Rn is found using the cireuit below. 


ìon 



Rn = 20//(10+10)= lOQ 

To find In, consider the eireuit below. 

lOQ 



The 20-Q resistor is shoit-circuited and can be ignored. 
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In = X 4 = 2^ 

Chapter 4, Problem 47. 

Obtain the Thèvenin and Noilon equivalent eircuits of the eircuit in Fig. 4.114 
with respect to tenninals a and b. 


12 íí 



Chapter 4, Solutìon 47 


Sinee Vtii = Vab = Vx, we apply KCL at the node a and obtain 


30 

-^ = ^ + 2V„, -> V„, =150/126 = 1.19 V 

12 60 

To find Rtii, consider the eircuit below. 



At node a, KCL gives 

l = 2V+^ + ^ -> V =60/126 = 0.4762 

60 12 

Rn = ^ = 0.4762Q, /^,=^ = 1.19/0.4762 = 2.5 

Thus, 

V„, = 1.19V, /?„, = R^, = 0.4762Q, /^, = 2.5 A 
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Chapter 4, Problem 48. 


DeteiTnine the Noiton equivalent at teiTninals a-b for the cireuit in Fig. 4.115. 



Figure 4.115 
Chapter 4, Solutìon 48. 

To get Rtii, eonsider the cireuit in Fig. (a). 




From Fig. (a), lo = 1, 6 - 10 - V = 0, or V = -4 

Rn = Rtii = V/1 = -4 ohms 
To get Vtii, eonsider the circuit in Fig. (b), 


lo = 2, VTh = -IOI 0 + 4 I 0 = -12 V 


In - Vt1i/Rt1i - ^ 
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Chapter 4, Problem 49. 


Find the Noiton equivalent looking into teiTninals a-b of the circuit in Fig. 4.102. 


3A 



Figure 4.102 

Chapter 4, Solutìon 49. 

Rn = Rtii = 28 ohms 

To fìnd In, consider the cireuit below, 



Atthenode, (40-Vo)/10 = 3 + (Vo/40) + (Vo/20), or Vo = 40/7 

io = Vo/20 = 2/7, but In = Isc = io + 3 = 3.286 A 
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Chapter 4, Problem 50. 


Obtain the Noiton equivalent of the circuit in Fig. 4.116 to the left of teiminals a-b. Use 
the result to fìnd euiTent i 



Figure 4.116 
Chapter 4, Solution 50. 

From Fig. (a), Rn = 6 + 4 = 10 ohms 




FromFig. (b), 2 + (12-v)/6 = v/4, or v = 9.6 V 

-In = (12-v)/6 = 0.4, whichleadsto In = -0.4 A 

Combining the Noiton equivalent with the ríght-hand side of the oríginal circuit produces 
the circuit in Fig. (c). 



i = [10/(10 + 5)1(4-0.4) = 2.4 A 
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Chapter 4, Problem 51. 


Given the circuit in Fig. 4.117, obtain thc Noiton cquivalcnt as vicwcd fiom tciminals 
(a) a-b (b) c-d 


fi b 



Figurc 4.117 


Chapter 4, Solutìon 51. 

(a) From thc circuit in Fig. (a), 


Rn = 4||(2 + 6||3) = 4||4 = 2 ohms 
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For In or Vtii, consider the eireuit in Fig. (b). After some souree transfoiTnations, the 
cireuit becomes that shown in Fig. (c). 

+ 



Applying KVL to the circuit in Fig. (c), 

-40 + 8Ì+12 = Owhichgivesi = 7/2 
Yj^,= 4ì=14 thereforelN = Vtii/Rn = 14/2 = 7A 
(b) To get Rn, consider the circuit in Fig. (d). 

Rn = 2||(4 + 6||3) = 2||6 = 1.5 ohms 



To get In, the circuit in Fig. (c) applies except that it needs slight modification as in 

Fig- (e). 

i = 7/2, Vih = 12 + 2Ì = 19, In =Vti,/Rn = 19/1.5 = 12.667 A 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pait 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher, or used bevond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without permission. 








Chapter 4, Problem 52. 


For the hansistor model in Fig. 4.118, obtain the Thevenin equivalent at teiminals a-b. 


3kQ 



-o (t 

ŷ 2 kQ 
-o b 


Figure 4.118 
Chapter 4, Solutìon 52. 

For Rni, consider the circuit in Fig. (a). 



For Fig. (a), lo = 0, hence the cuiTent souree is inactive and 


Rtii = 2 k ohms 


For Vtii, eonsider the cireuit in Fig. (b). 

lo = 6/3k = 2 mA 

Vxii = (-20Io)(2k) = -20x2xl0“^x2xl0^ = -80 V 
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Chapter 4, Problem 53. 


Find the Norton equivalent at teiTninals a-b of the eireuit in Fig. 4.119. 



6Q 


20 . 


AAAAr 


AAAA -'—o a 


+ 


1SV(T) 3fì 



o b 


Figure 4.119 
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Chapter 4, Solutìon 53. 

To get Rtii, consider the eireuit in Fig. (a). 




From Fig. (b), 


Vo = 2x1 = 2V, -Vab + 2x(l/2)+Vo = 0 


Vab = 3V 


Rn = Vab/1 = 3 ohms 
To get In, consider the circuit in Fig. (e). 




[(18-Vo)/6]+0.25vo = (Vo/2) + (Vo/3) or Vo = 4V 
But, (Vo/2) = 0.25vo + In, whieh leads to In = iA 
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Chapter 4, Problem 54. 


Find the Thèvenin equivalent between teiTninals a-b of the circuit in Fig. 4.120. 



Chapter 4, Solutìon 54 

Tofind Vtii=Vx, consider the left loop. 


-3 + lOOOi,+2y^ =0 -> 3 = 1000i,+2y^ (1) 

For the ríght loop, 

V, =-50x40 /,=-20004 (2) 

Combining (1) and (2), 

3 = 1000/, - 4000/, = -3000/, -> /, = -ImA 

V,=-2000/„=2 -> V,.=2 

To find Rtii, inseif a 1-V source at teiminals a-b and remove the 3-V independent 
souree, as shown below. 


1 kíl ix 



/ = 40/ +^ = -80mA + — A = -ÓOmA 
50 50 
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Rn =-= -1/0.060 = -16.67fì 
Chapter 4, Problem 55. 

Obtain the Noiton equivalent at teiTninals a-b of the circuit in Fig. 4.121. 



Figure 4.121 
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Chapter 4, Solution 55. 


To get Rn, apply a 1 mA source at the temiinals a and b as shown in Fig. (a). 




We assume all resistances are in k ohms, all cunents in mA, and all voltages in volts. At 
node a, 

(Vab/50) + 801 = 1 (1) 


Also, 


-81 = (Vab/1000), or I = -Vab/8000 (2) 

From (1) and (2), (Vab/50) - (80Vab/8000) = 1, or Vab = 100 

Rn = Vab/1 = 100 k ohms 
To get In, consider the circuit in Fig. (b). 



Since the 50-k ohm resistor is shoited. 


Hence, 


In = -801, Vab = 0 
8 i = 2 whichleadsto I = (1/4) mA 


In = -20 mA 
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Chapter 4, Problem 56. 


Use Noiton’s theorem to find Vo in the circuit of Fig. 4.122. 

12kf^ 2kí2 10kí^ 
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Chapter 4, Solution 56. 

We remove the l-kD resistor temporarily and fínd Norton equivalent aeross its teiminals. 
Rn is obtained fiom the cireuit below. 

12kí^ 2kí2 10kí2 

_AAA__AAA_^^AA_ 

O 

24kí2 A ^ - Rn 

1 O 


Rn = 10 + 2 + 12//24 = 12+8 = 20 kí2 
In is obtained from the eireuit below. 
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2k+12k//24k =10kí2 
l2=0.5(-3mA) =-1.5 mA 
In= 1.2 -1.5 =-0.3 mA 

The Norton equivalent with the l-kí2 resistor is shown below 


a 



1 kfì 


14 =1k 


( 


20 


20 + 1 


(-0.3 mA)= -0.2857 V 


Chapter 4, Problem 57. 

Obtain the Thevenin and Norton equivalent eircuits at the teiminals a-b for the circuit in 
Fig. 4.123. 



Figure 4.123 


T 


<5 a 


10 


=C h 
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Chapter 4, Solution 57. 

To fínd Rtii, remove the 50V souree and insert a 1-V souree at a - b, as shown in Fig. (a). 







We apply nodal analysis. At node A, 

i + 0.5vx = (1/10) + (1 - Vx)/2, or i + Vx = 0.6 (1) 

At node B, 

(1 -Vo)/2 = (Vx/3) + (Vx/6), andVx = 0.5 (2) 
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From (1) and (2), 


i = 0.1 and 


Rtii = 1 /i = 10 ohms 
To get Vtii, consider the cireuit in Fig. (b). 



Atnodel, (50-Vi)/3 = (vi/6) + (vi - V2)/2, or 100 = 6vi-3v2 (3) 

Atnode2, 0.5Vx + (vi - V2)/2 = V 2 /IO, Vx = Vi, andvi = O. 6 V 2 (4) 

From (3) and (4), 

V2 = Vtii = 166.67 V 
In “ Vtii/Rtii “ 16.667 A 
Rn = Rtii = 10 ohms 

Chapter 4, Problem 58. 

The network in Fig. 4.124 models a bipolar transistor common-emitter amplifier 
eonnected to a load. Find the Thevenin resistance seen by the load. 



Figure 4.124 

Chapter 4, Solution 58. 
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This problem does not have a solution as it was originally stated. The reason for this is 
that the load resistor is in series with a cuiTent source which means that the only 
equivalent eircuit that will work will be a Noiton cireuit where the value of Rn = 
infínitv . In can be found by solving for Isc. 




Writing the node equation at node Vo, 

ib + Pib = V0/R2 = (1 + P)ib 

But ib = (Vs-Vo)/Ri 

Vo = Vs-ibRi 

Vs -ibRi = (1 + P)R 2 Ìb, or ib = Vs/(Ri + (1 + p^R^) 

= In = -Pib = -BV./fRi + (1 + BlRri 

Chapter 4, Problem 59. 

Deteimine the Thevenin and Noiton equivalents at teiTninals a-b of the cireuit in Fig. 
4.125. 



Figure 4.125 
Chapter 4, Solution 59. 
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Rxh = (10 + 20)11(50 + 40) 30||90 = 22.5 ohms 


To fmd Vtii, consider the circuit below. 



ii = Ì2 = 8/2 


4, lOii + Vtii — 2 OÌ 2 


0, or Vtii = 2 OÌ 2 -IOÌ 1 = lOii 


10x4 


VTh = 40V, and In = VTh/RTn = 40/22.5 


1.7778 A 


Chapter 4, Problem 60. 

For the circuit in Fig. 4.126, find the Thevenin and Noiton equivalent circuits at teiTninals 

a-b. 
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Figure 4.126 


Chapter 4, Solution 60. 

The circuit can be reduced by source transfoiTnations. 
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Chapter 4, Problem 61. 


Obtain the Thevenin and Noiton equivalent circuits at teiTninals a-b of the circuit in Fig. 
4.127. 
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Chapter 4, Solutìon 61. 

To find Rtii, consider the circuit in Fig. (a). 

Let R = 2||18 = 1.8 ohms . Rxh = 2R||R = (2/3)R = 1.2 ohms . 
To get Vtii, we apply mesh analysis to the circuit in Fig. (d). 
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-12-12+14ii-6Ì2-6Ì3 = 0, and 7 ii- 3 Ì 2 - 3 Ì 3 = 12 (1) 

12+12+14Ì2-6ii-6Ì3 = 0, and - 3 ii+ 7 Ì 2 - 3 Ì 3 = -12 (2) 

I 4 Ì 3 - 6 Ì 1 - 6 Ì 2 = 0, and - 3 ii- 3 Ì 2 + 7 Ì 3 = 0 (3) 

This leads to the following matiix foim for (1), (2) and (3), 


■ 7 

-3 

-3' 

ii 


■ 12 “ 

-3 

7 

-3 

Ìj 


-12 

-3 

-3 

7 

.Ì3. 


0 



7 -3 -3 


7 12 -3 

A = 

-3 7 -3 

= 100 , ^2= 

-3 -12 -3 


-3 -3 7 


-3 0 7 


Ì 2 = A/A 2 = -120/100 = - 1.2 A 


Vxh = 12 + 2Ì2 = 9.6V . and In = Vtii/Rth = 8 A 


Chapter 4, Problem 62. 

Find the Thevenin equivalent of the circuit in Fig. 4.128. 

PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reseived. No pait 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher, or used bevond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without permission. 



o a 



Chapter 4, Solutìon 62. 

Since there are no independent sources, Vtii = 0 V 
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To obtain Rni, consider the circuit below. 



At node 2, ^ 

ix + O.lio = (l-vi)/10, or lOix + io = 1-Vi (1) 

Atnode 1, 

(vi/20) + O.lio = [(2vo - Vi)/40] + [(1 - vi)/10] (2) 

But io = (vi/20) and Vo = 1 -Vi, then (2) becomes, 

l.lvi/20 = [(2-3vi)/40] + [(l-Vi)/10] 

2.2vi = 2-3vi+4-4vi = 6-7vi 

or vi = 6/9.2 (3) 

From (1) and (3), 


10ix +Vi/20 = 1 - vi 

lOix = l-Vi-vi/20 = l-(21/20)vi = l-(21/20)(6/9.2) 
ix = 31.52mA, Rtli = 1/ix = 31.73 ohms. 


Chapter 4, Problem 63. 

Find the Norton equivalent for the circuit in Fig. 4.129. 
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Chapter 4, Solution 63. 

Because there are no independent sources, In = Isc ^ 0 A 
Rn can be found using the circuit below. 


+ 


V. 



Applying KCL at node 1, Vi = 1, andvo = (20/30)vi = 2/3 

io = (vi/30) - 0.5vo = (l/30)-0.5x2/3 = 0.03333 - 
0.33333 = -0.3 A. 

Hence, 

Rn = l/(-0.3) = -3.333 ohms 

Chapter 4, Problem 64. 

Obtain the Thevenin equivalent seen at terminals a-b of the circuit in Fig. 4.130. 
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Figure 4.130 


Chapter 4, Solution 64. 

With no independent sources, Vtii = 0 V . To obtain Rtii, consider the circuit shown 
below. 




ix = [(1-Vo)/l] + [(lOix- Vo)/4], or 5Vo = 4 + 6ix 
Butix = Vo/2. Hence, 

5Vo = 4 + 3Vo, or Vo = 2, io = (1 -Vo)/l = -1 
Thus, Rtii = 1/io = -1 ohm 


( 1 ) 


Chapter 4, Problem 65. 

For the circuit shown in Fig. 4.131, determine the relationship between Vo and lo. 
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Figure 4.131 


Chapter 4, Solutìon 65 

At the terminals of the unknown resistance, we replace the circuit by its Thevenin 
equivalent. 

/?„, = 2 + 4//12 = 2 + 3 = Sn, V„, = ^^(32) = 24 V 
Thus, the circuit can be replaced by that shown below. 



Applying KVL to the loop, 

-24 + 51,+V„=0 -> V, =24-51, 


Chapter 4, Problem 66. 

Find the maximum power that can be delivered to the resistor R in the circuit in Fig. 
4.132. 
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Figure 4.132 

Chapter 4, Solution 66. 

We tirst íind the Thevenin equivalent at terminals a and b. We íind Rtii using the circuit 
in Fig. (a). 



By performing source transformation on the given circuit, we obatin the circuit in (b). 
We now use this to find Vtii. 


lOi + 30 + 20 + 10 — 0, or i — —6 
Vtix+10 + 2ì = 0, or Vtii = 2V 
P = VTi,^/(4R-nO = (2)^/[4(1.6)] = 625 m watts 
Chapter 4, Problem 67. 
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The variable resistor R in Fig. 4.133 is adjusted until it absorbs the maximum power Irom 
the circuit. (a) Calculate the value of R for maximum power. (b) Determine the 
maximum power absorbed by R. 



Figure 4.133 For Prob. 4.67. 


Chapter 4, Solution 67. 
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We first find the Thevenin equivalent. We find Rtii using the circuit below. 



fì;^ = 20//80+ 90//10 = 16 + 9 = 250 
We find Vm using the circuit below. We apply mesh analysis. 



(80+ 20)/;-40 = 0 > /;=0.4 

(10 + 90 )/ 2+40 = 0 > / 2 =- 0.4 

-90/2 - 20/; + 14 = 0 > \4 = -28 V 


(a) 

(b) 


R — Rxh — 25 O 


Ì = (?^ = 7.84W 
4/4 100 - 


Chapter 4, Problem 68. 
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Compute the value of R that results in maximum power transfer to the 10-Q resistor in 
Fig. 4.134. Find the maximum power. 

R 



Chapter 4, Solutìon 68. 

This is a challenging problem in that the load is already specifíed. This now becomes a 
"minimize losses" style problem. When a load is specifíed and intemal losses can be 
adjusted, then the objective becomes, reduce Rniev as much as possible, which will result 
in maximum power transfer to the load. 


R 



Removing the 10 ohm resistor and solving for the Thevenin Circuit results in: 

Rxh = (Rx20/(R+20)) and aVoc = VTh= 12x(20/(R+20)) + (-8) 

As R goes to zero, Rtii goes to zero and Vtii goes to 4 volts, which produces the 
maximum power delivered to the 10-ohm resistor. 

P = vi =v^/R = 4x4/10 = 1.6watts 

Notice that if R = 20 ohms which gives an Rtii =10 ohms, then Vtii becomes -2 volts and 
the power delivered to the load becomes 0.1 watts, much less that the 1.6 watts. 

It is also interesting to note that the intemal losses for the fírst case are 12^/20 = 7.2 watts 
and for the second case are = to 12 watts. This is a signifícant difference. 

Chapter 4, Problem 69. 
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Find the maximum power transferred to resistor R in the circuit of Fig. 4.135. 


IQ ILÌ 22 Uíì 


10» V 



R 


Figure 4.135 


Chapter 4, Solution 69. 
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We need the Thevenin equivalent across the resistor R. To íind Rtii, consider the circuit 
below. 


Assume that all resistances are in k ohms and all currents are in mA. 

10||40 = 8, and 8 + 22 = 30 

l+3Vo = (vi/30) + (vi/30) = (vi/15) 


15 + 45Vo = vi 


ButVo = (8/30)vi, hence, 

15+45x(8vi/30) vi, whichleadsto Vi = 1.3636 


Rtii = Vi/1 = -1.3636 kohms 


Rtii being negative indicates an active circuit and if you now make R equal to 1.3636 k 
ohms, then the active circuit will actually try to supply intinite power to the resistor. The 
correct answer is therefore: 


Pr = 


Vxh 


-1363.6 + 1363.6 


1363.6 = 




1363.6 


oo 


It may still be instructive to íind Vtii. Consider the circuit below. 




(100 - Vo)/10 = (Vo/40) + (Vo - Vi)/22 (1) 

[(Vo - vi)/22] + 3Vo = (vi/30) (2) 


Solving (1) and (2), 

Chapter 4, Problem 70. 


Vi = Vtii = -243.6 volts 
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Determine the maximum power delivered to the variable resistor R shown in the 
circuit ofFig. 4.136. 



Figure 4.136 


Chapter 4, Solution 70 

We tind the Thevenin equivalent across the 10-ohm resistor. To tind Vtii, consider the 
circuit below. 



From the tigure, 
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V, =0, 


Vn = -^(4) = 3V 
15 + 5 

To tind Rtii, consider the circuit below: 



+ Vx - 


Atnode 1, 

++^ = 3V + + + V =6x1 = 6 -> 258 = 3V,-7V, (1) 

5 15 5 . 1 V ^ 


At node 2, 

1 + 3V + ^‘ =0 -> V=V,-95 

X ^ 1 


( 2 ) 


Solving (1) and (2) leads to V 2 = 101.75 V 


Rn = y = 101.75Q, 


V 9 

^^ =--= 22.11mW 

4Rj., 4x101.75 - 


Chapter 4, Problem 71. 
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For the circuit in Fig. 4.137, what resistor connected across terminals a-b will absorb 
maximum power from the circuit? What is that power? 

3k£2 1(1 kl3 



Chapter 4, Solution 71. 


We need Rtii and Vtii at terminals a and b. To find Rtii, we insert a 1-mA source at the 
terminals a and b as shown below. 





Assume that all resistances are in k ohms, all currents are in mA, and all voltages are in 
volts. At node a, 

1 = (Va/40) + [(Va + 120vo)/10], or 40= 5Va + 480Vo (1) 

The loop on the left side has no voltage source. Hence, Vo = 0. From(l), Va = 8 V. 

Rtii = Va/1 mA = 8 kohms 

To get Vtii, consider the original circuit. For the left loop, 

Vo = (1/4)8 = 2V 

For the right loop, Vr = Vtli = (40/50)(-120vo) = -192 
The resistance at the required resistor is 


R = Rtii ^ 8 kohms 

p =Vm^/(4RTh) = (-1 92)^7(4x8x10^) = 1.152 watts 
Chapter 4, Problem 72. 
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(a) For the circuit in Fig. 4.138, obtain the Thevenin equivalent at terminals a-b. 

(b) Calculate the current in = 8Q. 

(c) Find Rh for maximum power deliverable to Rl. 

(d) Determine that maximum power. 


1\ 



^ «f- 


Figure 4.138 

Chapter 4, Solution 72. 

(a) Rtii and Vtii are calculated using the circuits shown in Fig. (a) and (b) 
respectively. 

From Fig. (a), Rtii = 2+4 + 6 = 12 ohms 

From Fig. (b), -Vtii +12 + 8 + 20 = 0, or Vtii = 40 Y 


AAA^ 




(b) 

i = VW(RTh + R) = 40/(12 + 8) = 1K 

(c) 

For maximum power transfer. 

Ri = Rn, = 12 ohms 

(d) 

P =VTiA/(4RTh) = (40)A(4x12) 

= 33.33 watts. 


Chapter 4, Problem 73. 
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Determine the maximum power that can be delivered to the variable resistor R in 
the circuit of Fig. 4.139. 



Figure 4.139 


Chapter 4, Solutìon 73 
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Find the Thevenin’s equivalent circuit across the terminals of R. 



=10//20 +25/75 = 325/30 = 10.8330 



20 5 

V =—(60) = 40, K=—(60) = 10 

30 ' 30 


■v„+v„,+n=o 


-+ =V„-n= 40-10 = 30 V 


P niaîi 


30' 


4Rj, 4x10.833 


: 20.77 W 


Chapter 4, Problem 74. 
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For the bridge circuit shown in Fig. 4.140, find the load Rl for maximum power transfer 
and the maximum power absorbed by the load. 



Figure 4.140 
Chapter 4, Solutìon 74. 

When Rl is removed and Vs is short-circuited, 

RtIi = R1IIR2 + R3IIR4 ^ [Rl R2/( Ri + R2)] + [R3 R4 /( R3 + R4)] 

Rl = Rtii = (Ri R2 R3 + Ri Ri R4 + Ri R3 R4 + R2 R3 R 4 )/[( Ri + R 2 )( R3 + R4)] 
When Rl is removed and we apply the voltage division principle, 

Voc = VtIi = Vr2-Vr4 

= ([R2/(Ri+R2)]-[R4/(R3 + R4)])Vs = {[(R2R3)-(RiR4)]/[(Ri+R2)(R3+R4)]}Vs 

Pniax = Vt1i^/(4RtIi) 

= {[(R2R3) - (RiR 4 )]M(Ri + R2 )(R3 + R 4 )]'}Vs'[( Ri + R2)( R3 + R 4 )]/[ 4 (a)] 
where a = (Ri R2 R3 + Ri R2 R4 + Ri R3 R4 + R2 R3 R4) 

Pniax ~ 

[(R2R3) - (R.R,)] VsV[ 4 (R, + R 2 )(R 3 + R.) (R, R2 R3 + R, R2 R, + R, R3 R4 + R2 R3 R^)] 


Chapter 4, Problem 75. 
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For the circuit in Fig. 4.141, determine the value of R such that the maximum power 
delivered to the load is 3 mW. 

/? 



Figure 4.141 


Chapter 4, Solutìon 75. 

PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou aie using it without permission. 




















We need to first find Rtii and Vm. 



Consider the circuit in Fig. (a). 

(1/Rm) = (1/R) + (1/R) + (1/R) = 3/R 

Rxh = R/3 

From the circuit in Fig. (b), 

((1 - Vo)/R) + ((2 - Vo)/R) + ((3 - Vo)/R) = 0 

Vo = 2 = VtIi 

For maximum power transfer, 

Rl — Rtii ~ R/3 
Pmax = [(Vtt,)'/(4RtiO] = 3 mW 
Rt 1,= [(VTh)'/(4P„,ax)] = 4/(4xP„,ax) = l/Pmax = R/3 
R = 3/(3xl0‘^) = 1 k ohms 


Chapter 4, Problem 76. 
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Solve Prob. 4.34 using PSpìce. 

Chapter 4, Problem 34. 

Find the Thevenin equivalent at terminals a-b of the circuit in Fig. 4.98. 


3A 



Figure 4.98 


Chapter 4, Solution 76. 
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Follow the steps in Example 4.14. The schematic and the output plots are shown below. 
From the plot, we obtain, 

V = 92 V [i = 0, voltage axis intercept] 


R = Slope = (120-92)/l = 28 ohms 




□ U(I2:-) 

I 12 


Chapter 4, Problem 77. 
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Solve Prob. 4.44 using PSpìce. 

Chapter 4, Problem 44. 

For the circuit in Fig. 4.111, obtain the Thevenin equivalent as seen írom terminals 
(b) a-b (b) b-c 


3 0 1 O 



Figure 4.111 


Chapter 4, Solution 77. 
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(a) The schematic is shown below. We perform a dc sweep on a current source, II, 
connected between terminals a and b. We label the top and bottom of source II as 2 and 
1 respectively. We plot V(2) - V(l) as shown. 


Vm = 4 V [zero intercept] 
Rtii = (7.8-4)/l = 3.8 ohms 
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(b) Everything remains the same as in part (a) except that the current source, II, is 

connected between terminals b and c as shown below. We perform a dc sweep on 
II and obtain the plot shown below. From the plot, we obtain, 

V = 15 V [zero intercept] 

R = (18.2-15)/! = 3.2 ohms 



2 011 - 



n UCI1:-) 

I 11 
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Chapter 4, Problem 78. 

Use PSpice to solve Prob. 4.52. 


Chapter 4, Problem 52. 

For the transistor model in Fig. 4.111, obtain the Thevenin equivalent at terminals a-b. 


J kQ 



Figure 4.111 
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Chapter 4, Solution 78. 


The schematic is shown below. We perform a dc sweep on the current source, II, 
connected between terminals a and b. The plot is shown. From the plot we obtain, 

Vtli = -80 V [zero intercept] 

Rtii = (1920-(-80))/! = 2 k ohms 
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Chapter 4, Problem 79. 

Obtain the Thevenin equivalent of the circuit in Fig. 4.123 using PSpice. 

3Q 2D 



Figure 4.123 
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Chapter 4, Solution 79. 


After drawing and saving the schematic as shown below, we perform a dc sweep on 11 
connected across a and b. The plot is shown. From the plot, we get, 

V = 167 V [zero intercept] 

R = (177- 167)/! = 10 ohms 
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Chapter 4, Problem 80. 

Use PSpice to tind the Thevenin equivalent circuit at terminals a-b of the circuit in Fig. 


4.125. 



Figure 4.125 
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Chapter 4, Problem 81. 

For the circuit in Fig. 4.126, use PSpice to íind the Thevenin equivalent at terminals a-b. 


2A 



10 V 

Figure 4.126 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou aie using it without permission. 













Chapter 4, Solution 81. 

The schematic is shown below. We perform a dc sweep on the current source, 12, 
connected between terminals a and b. The plot of the voltage across 12 is shown below. 
From the plot, 

Vtii = 10 V [zero intercept] 

Rtii = (10-6.7)/l = 3.3 ohms . Note that this is in good agreement with the exact 

value of 3.333 ohms. 



OA 
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Chapter 4, Problem 82. 

A battery has a short-circuit current of 20 A and an open-circuit voltage of 12 V. If the 
battery is connected to an electric bulb of resistance 2 calculate the power dissipated 
by the bulb. 

Chapter 4, Solutìon 82. 

Vxh = Voc = 12 V, hc = 20A 

Rrh = Voc/hc = 12/20 = 0.6 ohm. 



i = 12/2.6 , p = i^R = (12/2.6f(2) = 42.6 watts 


Chapter 4, Problem 83. 

The following results were obtained Irom measurements taken between the two terminals 
of a resistive network. 


T erminal V oltage 12 V 0 V 
T erminal Current 0 V 1.5 A 


Find the Thevenin equivalent of the network. 


Chapter 4, Solutìon 83. 

Vxh = Voc = 12 V, kc = In = 1.5A 

Rtii = Vtii/In = 8 ohms, Vtii = 12 Y . Rtii = 8 ohms 
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Chapter 4, Problem 84. 


When connected to a resistor, a battery has a terminal voltage of 10.8 V but 
produces 12 V on open circuit. Determine the Thèvenin equivalent circuit for the 
battery. 


Chapter 4, Solutìon 84 

Let the equivalent circuit of the battery terminated by a load be as shown below. 


RtIi 



For open circuit, 

R,=co, -> Vn=V„,=V,=mX 

When RL = 4ohm, Vl=10.5, 

/, = 10.8/4 = 2.7 

Rl 

But 

=V,+I, R^, -> R^, = = o.4444n 

ÍL 2.7 
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Chapter 4, Problem 85. 

The Thèvenin equivalent at terminals a-b of the linear network shown in Fig. 4.142 is to 
be determined by measurement. When a 10-kD resistor is connected to terminals a-b, the 
voltage Vah is measured as 6 V. When a 30-kQ resistor is connected to the terminals, Vah 
is measured as 12 V. Determine: (a) the Thèvenin equivalent at terminals a-b, (b) Vah 
when a 20-kQ resistor is connected to terminals a-b. 

- 

Llncitr 

- 


Figure 4.142 

Chapter 4, Solutìon 85 

(a) Consider the equivalent circuit terminated with R as shown below. 

RtIi 


^ ah 

or 



R 
R + 




6 = 


10 

10 + /?j.,, 




60 + 6R^^ ^lOVj^, 
where Rni is in k-ohm. 

Similarly, 

= ' 360 + 12/?,, =30V,, 

Solving (1) and (2) leads to 


( 1 ) 


( 2 ) 


V„. =24V, /?„. =30H2 


(b) V,, 


20 

20 + 30 


(24) = 9^ 
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Chapter 4, Problem 86. 


A black box with a circuit in it is connected to a variable resistor. An ideal ammeter (with 
zero resistance) and an ideal voltmeter (with intinite resistance) are used to measure 
current and voltage as shown in Fig. 4.143. The results are shown in the table below. 


I 



(a) Find i when R = 4Çí. 

(b) Determine the maximum power from the box. 


/f(Q) 

V(Y) 

i(A) 

2 

3 

1.5 

8 

8 

1.0 

14 

10.5 

0.75 
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Chapter 4, Solutìon 86. 

We replace the box with the Thevenin equivalent. 



Vtli — V + iRni 


( 1 ) 
( 2 ) 

From (1) and (2), Rtii = 10 ohms and Vtii = 18 V. 

(a) WhenR = 4, i = VtiAR + RtiO = 18/(4+10) = 1.2857 A 

(b) Formaximumpower, R = Rth 

Pmax = (V-nO^/4RTi, = 18^/(4xl0) = 8.1 watts 


Wheni = 1.5, v = 3, which implies that Vtii = 3 + 1.5Rtii 
Wheni = 1, v = 8, which implies that Vtii = 8 + IxRtii 
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Chapter 4, Problem 87. 

A transducer is modeled with a current source Is and a parallel resistance Rg. The current 
at the terminals of the source is measured to be 9.975 mA when an ammeter with an 
intemal resistance of 20 Q is used. 

(a) If adding a 2-kí2 resistor across the source terminals causes the ammeter 
reading to fall to 9.876 mA, calculate 7« and Rs. 

(b) What will the ammeter reading be if the resistance between the source 
terminals is changed to 4 kD? 

Chapter 4, Solution 87. 


(a) 





From Fig. (a), 


From Fig. (b), 


Vm = Rmini = 9.975 mA X 20 = 0.1995 V 
k = 9.975 mA + (0.1995/R,) 

Vm = Rmim = 20x9.876 = 0.19752 V 


h = 9.876 mA + (0.19752/2k) + (0.19752/Rs) 
= 9.975 mA +(0.19752/Rs) 

Solving (1) and (2) gives, 


( 1 ) 


( 2 ) 


Rs = 8 k ohms . Is = 10 mA 



i„; = [2667/(2667+ 20)](10mA) = 9.926 mA 
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Chapter 4, Problem 88. 


Consider the circuit in Fig. 4.144. An ammeter with intemal resistance Ri is 
inserted between A and B to measure lo. Determine the reading of the ammeter if: 
(a) Ri = 500 (b) Ri = 0Q. (Hint: Find the Thèvenin equivalent circuit at 

terminals A-B.) 





Figure 4.144 

Chapter 4, Solutìon 88 


To íind Rtii, consider the circuit below. 



=30 + 10 + 207/5 = 44fcQ 


To íind Vtii , consider the circuit below. 


5kQ 



=30x4 = 120, 


=^(60) = 48, 


Vr,=V,-V,=72Y 
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Chapter 4, Problem 89. 


Consider the circuit in Fig. 4.145. (a) Replace the resistor Rl by a zero resistance 
ammeter and determine the ammeter reading. (b) To verify the reciprocity 
theorem, interchange the ammeter and the 12-V source and determine the 
ammeter reading again. 
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Chapter 4, Solution 89 

It is easy to solve this problem using Pspice. 

(a) The schematic is shown below. We insert IPROBE to measure the desired ammeter 
reading. We insert a very small resistance in series IPROBE to avoid problem. After the 
circuit is saved and simulated, the current is displaced on IPROBE as 99.99/yA . 



(b) By interchanging the ammeter and the 12-V voltage source, the schematic is shown 
below. We obtain exactly the same result as in part (a). 
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Chapter 4, Problem 90. 


The Wheatstone bridge circuit shown in Fig. 4.146 is used to measure the resistance of a 
strain gauge. The adjustable resistor has a linear taper with a maximum value of 100 Q. If 
the resistance of the strain gauge is found to be 42.6 what ífaction of the full slider 
travel is the slider when the bridge is balanced? 



Figure 4.146 


Chapter 4, Solution 90. 

Rx = (R3 /Ri)R2 = (4/2)R2 = 42.6, R^ = 21.3 

whichis (21.3ohms/100ohms)% = 21.3% 
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Chapter 4, Problem 91. 


(a) In the Wheatstone bridge circuit of Fig. 4.147 select the values of Ri and such 

that the bridge can measure Rx in the reange of 0-10 



Figure 4.147 

(b) Repeat for the range of 0-100 Q. 

Chapter 4, Solution 91. 

Rx ^ (Rb/ROR^ 

(a) Since 0 < R^ < 50 ohms, to make 0 < Rx< 10 ohms requires that when R^ = 50 
ohms, Rx = 10 ohms. 

10 = (R3/Ri) 50 or R 3 = Ri/5 
so we select Ri = 100 ohms and R 3 = 20 ohms 

(b) For 0 < Rx < 1 00 ohms 

100 = (R3/Ri) 50, or R 3 = 2 Ri 
So we can select Ri = 100 ohms and R 3 = 200 ohms 
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Chapter 4, Problem 92. 

Consider the bridge circuit of Fig. 4.148. Is the bridge balanced? If the 10 resistor is 

replaced by an 1 S-k£ì resistor, what resistor connected between terminals a-b absorbs the 
maximum power? What is this power?. 

2 kíì 



Figure 4.148 

Chapter 4, Solutìon 92. 

For abalancedbridge, Vab = 0. We can use mesh analysis to find Vab- Considerthe 
circuit in Fig. (a), where ii and i^ are assumed to be in mA. 



0 = 24Ì2-8Ì1 or Ì 2 = (l/3)ii (2) 

From (1) and (2), 

ii = 30mAandÌ2 = 10 mA 


Applying KVL to loop OabO gives 

5(Ì2 - il) + Vab + 10Ì2 = 0 V 
Since Vab = 0, the bridge is balanced. 
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When the 10 k ohm resistor is replaced by the 18 k ohm resistor, the gridge becomes 
unbalanced. (1) remains the same but (2) becomes 


Solving (1) and (3), 


0 = 32Ì2-8ii, or i^ = (l/4)ii 

ii = 27.5 mA, Ì 2 = 6.875 mA 


(3) 


Vab = 5(ii-Ì2)-18Ì2 = -20.625 V 


Vti, = Vab = -20.625 V 


To obtain Rni, we convert the delta connection in Fig. (b) to a wye connection shown in 

Fig- (c). 




Ri = 3x5/(2 + 3 + 5) = 1.5kohms, = 2x3/10 = 600 ohms, 

R 3 = 2x5/10 = 1 kohm. 

Rti, = Ri + (R2 + 6)||(R3 +18) = 1.5 + 6.6||9 = 6.398 kohms 

Rl = Rui = 6.398 k ohms 

Pmax = (Vti,)^/(4Rti,) = (20.625)^/(4x6.398) = 16.622 mWatts 
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Chapter 4, Problem 93. 

The circuit in Fig. 4.149 models a common-emitter transistor amplifíer. Find 4 using 
source transformation. 



Chapter 4, Solution 93. 



-Vs + (Rs + Ro)Ìx + PRoÌx — 0 

ix = V./fR. + a + B)Rd 
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Chapter 4, Problem 94. 


An attenuator is an interface circuit that reduces the voltage level without changing the 
output resistance. 

(a) By specifying Rg and Rp of the interface circuit in Fig. 4.150, design an attenuator 
that will meet the following requirements: 

^ = 0.125, R =R^, =R =100Q 

y ’ Th g 

^ g 

(b) Using the interface designed in part (a), calculate the current through a load of Rl 

= 50Qwhenyg=12V. 



Figure 4.150 
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Chapter 4, Solutíon 94. 


Vo/Vg = Rp/(Rg + Rs + Rp) 

Req = Rp||(Rg + Rs) = Rg 
Rg = Rp(Rg + Rs)/(Rp + Rg + Rs) 


RgRp + Rg + RgRs — RpRg + RpRs 


RpRs - Rg(Rg + Rs) 


From (1), 


Rp/a — Rg + Rs + Rp 


Rg + Rs = Rp((l/a) - 1) = Rp(l - a)/a (la) 


Combining (2) and (la) gives, 


Rs = [(1 - a)/a]Req 

= (1 -0.125)(100)/0.125 = 700 ohms 


From (3) and (la), 


Rp(l - a)/a = Rg + [(1 - a)/a]Rg = Rg/a 
Rp = Rg/(1 - a) = 100/(1 -0.125) = 114.29 ohms 



Vm = Vs = 0.125Vg = 1.5V 


Rtii = Rg = 100 ohms 


I = VTh/(RTh + Rl) = 1.5/150 = 10 mA 
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Chapter 4, Problem 95. 


A dc voltmeter with a sensitivity of 20 kQ./V is used to tind the Thevenin equivalent of a 
linear network. Readings on two scales are as follows: 

(c) 0-10Vscale:4V 

(d) 0-50 V scale: 5 V 

Obtain the Thevenin voltage and the Thevenin resistance of the network. 
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Chapter 4, Solution 95. 


Let 1/sensitivity = 1/(20 k ohms/volt) = 50 pA 
For the 0 - 10 V scale, 

Rni = Vfs/Ifs = 10/50 pA = 200kohms 

For the 0 - 50 V scale, 

Rni = 50(20 k ohms/V) = 1 M ohm 



Vfli - I(RtIi + Rni) 

(a) A 4V reading corresponds to 

I = (4/10)Ifs = 0.4x50 pA = 20 pA 
Vtii = 20 pA Rtii + 20 pA 250 k ohms 

= 4 + 20pARTh (1) 

(b) A 5V reading corresponds to 

I = (5/50)Ifs = 0.1 X 50 pA = 5 pA 
Vtii = 5 pA X Rtii + 5 pA x 1 M ohm 

Vti, = 5 + 5pARti, (2) 

From (1) and (2) 


From (1), 


0 = -1 + 15 pA Rtii which leads to Rtli = 66.67 k ohms 

Vti, = 4 + 20x10 Vi/(15x10-^)) = 5.333 V 








Chapter 4, Problem 96. 


A resistance array is connected to a load resistor R and a 9-V battery as shown in Fig. 
4.151. 

(e) Find the value of R such that Vû= 1.8 V. 

(f) Calculate the value of R that will draw the maximum current. What is the 
maximum current? 


R 



Figure 4.151 
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Chapter 4, Solutíon 96 . 

(a) The resistance network can be redrawn as shown in Fig. (a), 




Rxh = 10+10 + 6011(8 + 8+10||40) = 20 + 60||24 = 37.14 ohms 
Using mesh analysis, 


-9 + 50ii - 40Ì2 = 0 
116Ì2-40ii = 0 or ii = 2.9Ì2 


( 1 ) 

( 2 ) 


From(l)and(2), ij = 9/105 

Vxh = 60Ì2 = 5.143 V 


From Fig. (b), 

Vo = [R/(R + RTh)]VTh = 1.8 
R/(R +37.14) = 1.8/5.143 which leads to R = 20 ohms 
(b) R = Rtii = 37.14 ohms 

Inmx = VTh/(2Rn,) = 5.143/(2x37.14) = 69.23 mA 
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Chapter 4, Problem 97. 

A common-emitter amplifier circuit is shown in Fig. 4.152. Obtain the Thevenin 
equivalent to the left of points B and E. 



Figure 4.152 

Chapter 4, Solutìon 97. 



Rtii = R 1 IIR 2 ^ 6||4 = 2.4 k ohms 
Vti, = [R2/(Ri+R2)]Vs = [4/(6+ 4)1(12) = 4^ 
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Chapter 4, Problem 98. 

For Practice Prob. 4.18, determine the current through the 40-Q resistor and the power 
dissipated by the resistor. 


Chapter 4, Solution 98. 

The 20-ohm, 60-ohm, and 14-ohm resistors form a delta connection which needs to be 
connected to the wye connection as shown in Fig. (b). 




Ri = 20x60/(20 + 60 + 14) = 1200/94 = 12.766 ohms 
R 2 = 20x14/94 = 2.979 ohms 
R 3 = 60x14/94 = 8.936 ohms 

Rxh = R 3 +Ri||(R 2 + 30) = 8.936 + 12.766||32.98 = 18.139 ohms 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pait 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher, or used bevond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without permission. 





To fínd Vxh, consider the circuit in Fig. (c). 



It = 16/(30 + 15.745) = 349.8 mA 
Ii = [20/(20 + 60 + 14)]It = 74.43 mA 
Vti, = 14Ii + 30It = 11.536 V 
I 40 = Vti,/(Rti, + 40) = 11.536/(18.139 + 40) = 198.42 mA 
P 40 = I^o^R = 1.5748 watts 
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Chapter 5, Problem 1. 


The equivalent model of a eeitain op amp is shown in Fig. 5.43. Deteimine: 

(a) the input resistance. 

(b) the output resistanee. 

(c) the voltage gain in dB. 


60 Li 



Figure 5.42 For Prob. 51. 


Chapter 5, Solution 1. 

(a) Rin - 1.5 Mfì 

(b) Rout=60_Q 

(c) A = 8xl0^ 

Therefore Ads = 20 log 8x10'* = 98.0 dB 


Chapter 5, Problem 2 

The open-loop gain of an op amp is 100,000. Calculate the output voltage when there are 
inputs of+10 fiY on the inveiting teiTninal and + 20 fiY on the noninveiting teiTninal. 


Chapter 5, Solution 2. 


vo = AVd = A(V2 - Vi) 


= lO^ (20-10) X 10''^ = IV 
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Chapter 5, Problem 3 


DeteiTnine the output voltage when .20 jjY is applied to the inveiling temiinal of an op 
amp and +30 jjY to its noninveiting teiminal. Assume that the op amp has an open-loop 
gain of 200,000. 


Chapter 5, Solution 3. 


Vo = AVd = A(V 2 - Vl) 

= 2x10* (30 + 20) X 10 * = lOV 


Chapter 5, Problem 4 

The output voltage of an op amp is .4 V when the noninveiting input is 1 mV. If the 
open-loop gain of the op amp is 2 X 1 O^, what is the inveiting input? 


Chapter 5, Solution 4. 


vo = AVd = A(V2 - Vi) 


V2 - Vi = 


A 


-4 

2x10^ 


= -2|aV 


V 2 - vi = -2 jLiV = -0.002 mV 
1 mV - vi = -0.002 mV 

vi = 1.002 mV 
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Chapter 5, Problem 5. 


For the op amp circuit of Fig. 5.44, thc op amp has an opcn-loop gain of 100,000, an 
input rcsistancc of 10 kf2, and an output rcsistancc of 100 Q. Find thc voltagc gain v^/vi 
using thc nonidcal modcl of thc op amp. 



Figurc 5.44 for Prob. 5.5 
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Chapter 5, Solution 5. 



-Vi + Avd + (Ri + Ro) 1 = 0 


( 1 ) 


But Vd = Ril, 


-Vi -I- (Ri -I- Rq -I- RiA) I — 0 


Ro-t(l + A)Ri 


( 2 ) 


-Avd - RqI + Vo = 0 


Vo = Avd + Rol = (Ro + RiA)I = 


(R„+R.A)v. 
R „+(1 + A)R, 


Vo _ Ro+RiA 


100 + 10"xl0^ 


V; 


Ro+(l + A)Ri 100 +(1 + 10") 


10 ’ 

(l + lO") 


•lO'* 


100,000 

100,001 


0.9999990 
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Chapter 5, Problem 6 

Using the same parameters for the 741 op amp in Example 5.1, find Vo in the op amp 
cireuit of Fig. 5.45. 



Example 5.1 

A 741 op amp has an open-loop voltage gain of 2X lO^, input resistance of 2 MQ, and 
output resistance of 50Q. The op amp is used in the eircuit of Fig. 5.6(a). Find the elosed- 
loop gain v,/v,v. Deteimine cuiTent i when v.v = 2 V. 


20kL2 
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Chapter 5, Solution 6. 



(Ro + Ri)R + Vi + Ava = 0 
But Vd = Ril, 


Vi + (Ro + Ri + RiA)I — 0 


R, +(1 + A)R^ 


( 1 ) 


-Avd - Rol + Vo = 0 


Vo = Avd + Rol = (Ro + RiA)I 
Substituting for I in (1), 


Vo = 


Ro+R,A ^ 

R„+(I + A)R.^ 


Vi 


(50 +2x10^2x10^ )-I0~^ 
50 + (l + 2xl0")x2xl0'^ 


-200,000x2x10''’ ,, 

-— mV 

200 ,001x2x10'" 


vo = -0.999995 mV 
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Chapter 5, Problem 7 

The op amp in Fig. 5.46 has Ri =100 kQ, = 100 Q, A = 100,000. Find the differential 
voltage Vd and the output voltage v,,. 



Figure 5.46 for Prob. 5.7 
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Chapter 5, Solutíon 7. 


100 kn 



At node 1, (Vs - Vi)/10 k = [V|/100 k] + [(Vi - Vo)/100 k] 
10Vs-10Vi=Vi+Vi-Vo 
which leads to Vi = (lOVs + Vo)/12 
At node 2, (Vi - Vo)/l00 k = (Vo - (-AVd))/l00 

But Vd = Vi and A = 100,000, 

Vi - Vo = 1000 (Vo + 100,000Vi) 

0= lOOlVo + 99,999,999[(10Vs + Vo)/12] 

0 = 83,333,332.5 Vs + 8,334,334.25 Vo 
whieh gives us (Vo/ Vs) = -10 (for all practical puiposes) 

If Vs = 1 mV, then Vo = -10 mV 

SinceVo = AVd = 100,000 Vd, then Vd = (Vo/10^)V = -100 nV 
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Chapter 5, Problem 8 

Obtain Vo for each of the op amp eireuits in Fig. 5.47. 

\Okíl 




Figure 5.47 for Prob. 5.8 


Chapter 5, Solution 8. 


(a) If Va and Vb are the voltages at the inveiting and noninveiting teiTninals of the op 
amp. 

Va = Vb = 0 


ImA = 


0-v 


u 


2k 


(b) 

10 ka 



2kn 


Vn - -2V 




2V 

<9 



10 kn 

AA/W 
+ 


(b) 


Since Va = Vb = IV and ia = 0, no cunent flows thiough the 10 kn resistor. From Fig. (b). 


-Va + 2 + Vo = 0 -► Vo = Va-2=l - 2 = -IV 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc, All rights reserved, No part 
of this Manual may be displayed. reproduced or distiibuted in any fonn or by any means. without the prìor 

wrìtten penmssion of the publisher. or used beyond the limited distríbution to teachers atid educators 

peiTnitted bv McGraw-Hill for their individual course prepaiation. If you aie a student using this Manuaf 

vou ai e using it without pemiission. 








































Chapter 5, Problem 9 

Detennine Vo for each of the op amp eircuits in Fig. 5.48. 

2 ko 




Figure 5.48 for Prob. 5.9 


Chapter 5, Solution 9. 

(a) Let Va and Vb be respectively the voltages at the inverting and noninverting 
teiminals of the op amp 

Va = Vb = 4V 

At the inverting teiminal, 

4 — V 

ImA = -íí- -► vo = 2V 

2k 

(b) IV 

+ 

Vb 


+ 

Vn 


Sinee Va = Vb = 3V, 


-Vb + 1 + Vo = 0 -► Vo = Vb - 1 = 2y 
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Chapter 5, Problem 10 


Find the gain v./v.v of the circuit in Fig. 5.49. 


20 kíì 


A,VA - 



■o 

+ 




■o 


Figure 5.49 forProb. 5.10 


Chapter 5, Solution 10. 

Since no cuiTent enters the op amp, the voltage at the input of the op amp is Vs. Hence 



V, 


o 


= 2 


> 
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Chapter 5, Problem 11 

Find Vo and io in the circuit in Fig. 5.50. 



Figurc 5.50 for Prob. 5.11 


Chapter 5, Solution 11. 



At nodc a, 

3-v„ V -V,, 


a _ a o 


2 8 

But Va = Vb = 2V, 

12= 10-Vo 


-> 12 = 5Va-Vo 


-> Vo = -2V 


V,.-V,. 0-v„ 2 + 2 2 , ^ 

- +-^ =-+ - = ImA 

4 8 4 


i o = -ImA 
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Chapter 5, Problem 12. 

Calculate the voltage ratio Vo/Vs for the op amp cireuit of Fig. 5.51. Assume that the op 
amp is ideal. 25 kQ 



Figure 5.51 For Prob. 5.12. 


Chapter 5, Solution 12. 

This is an inveiting amplifîer. 
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Chapter 5, Problem 13 


Find Vo and io in the circuit of Fig. 5.52. 



Figurc 5.52 for Prob. 5.13 


Chapter 5, Solution 13. 



By voltagc division, 


90 

Va= — (1) = 0.9V 
100 


_ 50 _v„ 

150^" 3 


ButVa = Vb - ► ^ = 0.9 -► Vo = 2.7V 

3 


io = ii + Ì 2 = ^ + -^= 0.27inA + 0.018mA = 288 uA 
10k 150k 

PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reseived. No pail 
of this Manual may be displayed. reproduced or distiibuted in any foim or by any means. without the prìor 

wrìtten peimission of the publisher. or used beyond the limited distríbution to teachers and educators 

peimitted bv McGraw-Hill for their individual course prepaiation. If you aie a student using this Manuah 

vou ai e using it without pemiission. 







































Chapter 5, Problem 14 

Detennine the output voltage Vo in the circuit of Fig. 5.53. 

10 ky 



Figure 5.53 forProb. 5.14 

Chapter 5, Solution 14. 

Transfoim the cunent source as shown below. At node 1, 


lO-Vl _ V, -V, ^ Vi -v„ 
5 20 10 



But V 2 = 0. Hence 40 - 4vi = Vi + 2vi - 2vo -► 40 = 7vi-2vo (1) 

At node 2, ——— = — —v, = 0 or vi = -2vo (2) 

20 10 * 

From(l)and(2),40 = -14vo-2vo -► Vo = -2.5V 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reseived. No pail 
of this Manual may be displayed. reproduced or distiibuted in any foim or by any means. without the prìor 

wrìtten peimission of the publisher. or used beyond the limited distríbution to teachers and educators 

peimitted bv McGraw-Hill for their individual course prepaiation. If you aie a student using this Manuah 

vou ai e using it without pemiission. 







































Chapter 5, Problem 15 

(a) .Detennine the ratio Volh in the op amp cireuit of Fig. 5.54. 

(b) .Evaluate the ratio for = 20 kfl, = 25 kí2, R^, = 40 2kOmega$. 


/fp /íí 



Figure 5.54 

Chapter 5, Solution 15 

(a) Let Vi be the voltage at the node where the three resistors meet. Applying 
KCL at this node gives 




R. 


R. 


ì l 
R 


3 J 


R, 


At the inverting terminal, 
. 0-v, 


r = ■ 




''i = 


Combining (1) and (2) leads to 


( 1 ) 


( 2 ) 


í R. R.^ 



K í R,Ri) 

1 

+ 

_ o 

-> 

" = \ R,+R.+ ‘ " 

V ^2 ^3 J 

R, 


l ^2 J 


(b) Forthiscase, 

^ = -|^20 + 40 + ^^^jkí2= -92kr2 
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Chapter 5, Problem 16 


Obtain and iy in the op amp circuit in Fig. 5.55. 

(Dhfi 



Figurc 5.55 
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Chapter 5, Solution 16 


ìOkn 



Let cunents be in mA and resistanees be in Líl. At node a, 
0.5-v^ V -v„ 


a _ a 


10 


1 = 3v - v„ 


( 1 ) 


But 


8 


V = v^ =- 


8 + 2 ” 


Substituting (2) into (1) gives 
1 = 3 V, -yV, -> V, 

Thus, 


10 

->v = —V 

o 8 " 


14 


=-1 / 70 mA = -14.28//A 


( 2 ) 


V. - V. V^ - V. 


.10 


0.6 8 


/, = ^ = 0.6(v, - V J = 0.6(— V - V J = — X—mA = 85.71 //A 

> 2 10 V . ' 8 " 4 14 -^ 
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Chapter 5, Problem 17 


Calculate the gain VqIvì when the switch in Fig. 5.56 is in: 
(a) position 1 (b) position 2 (c) position 3 


\2kQ 



Chapter 5, Solution 17. 


V R, 

(a) 

G= — =-^ = 


V. R. 


80 

(b) 

_iL = -=.16 


V. 5 


v„ 2000 

(c) 

“ ~ -4 

V, 5 
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* Chapter 5, Problem 18. 


For the circuit in Fig. 5.57, find thc Thcvcnin cquivalcnt to thc lcít of tciTninals a-b. 
Thcn calculatc thc powcr absorbcd by thc 20-kf2 rcsistor. Assumc that thc op amp is 
idcal. 

10kf2 



Figure 5.57 For Prob. 5.18. 
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Chapter 5, Solution 18. 

We temporarily remove the 20-kQ resistor. To fínd Vtii, we consider the eireuit below. 


10kQ 



This is an inveifíng amplifíer. 

1 n/r 

Vj,=-^i2mV) = -10mV 


To fínd Rtii, we note that the 8-kQ resistor is aeross the output of the op amp whieh is 
acting like a voltage source so the only resistance seen looking in is the 12-kQ resistor. 

The Thevenin equivalent with the 20-kQ resistor is shown below. 


12 kfl a 



I = -10m/( 12k + 20k) = 0.3125x 10'*^ A 
p = I^R = (0.3125xl0‘'^)\20xl0^ = 1.9531 nW 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reseived. No pail 
of this Manual may be displayed. reproduced or distiibuted in any foim or by any means. without the prìor 
wrìtten pennission of the publisher. or used beyond the limited distrìbution to teachers and educators 
peimitted bv McGraw-Hill for their individual course prepaiation. If you aie a student using this Manuah 
vou ai e using it without pennission. 




Chapter 5, Problem 19 


Detennine io in the cireuit of Fig. 5.58. 


2kíl 4k£ì IOk^i 



Chapter 5, Solution 19. 


We conveit the cunent souree and baek to a voltage source. 


2 4 = 


4 

3 



10k 


4 + - 


V V -0 

1 =_^ + ^- 

" 5k 10k 



= -1.25V 


= -Q.375mA 
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Chapter 5, Problem 20 


In the circuit in Fig. 5.59, calculatc Vo if = 0. 


s kn 



Figurc 5.59 


Chapter 5, Solution 20. 



At nodc a, 


9 — V V—V V— V. 

-^ = ^ -► 18 = 5Va-Vo-2Vb (1) 


At node b. 


Va -Vb _ Vb -V„ 


-► Va = 3Vb-2Vo 


( 2 ) 


But Vb = Vs = 0; (2) becomes Va = -2vo and (1) becomes 

-18 = -10vo-Vo-► Vo = -18/tin = -1.6364V 
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Chapter 5, Problem 21. 

Calculate Vo in the op amp eireuit of Fig. 5.60. 


ÌOUÌ 



Figure 5.60 For Prob. 5.21. 


Chapter 5, Solution 21. 

Let the voltage at the input of the op amp be Va. 


:1V, 


4k 


10/c 


3-1 1-u. 


10 


Vo = =4V. 


Chapter 5, Problem 22 

Design an inveiting amplifier with a gain of -15. 

Chapter 5, Solution 22. 

Av = -Rf/Ri = -15. 

If Ri = 10kQ, then Rf = 150 kQ. 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reseived. No pail 
of this Manual may be displayed. reproduced or distiibuted in any foim or by any means. without the prìor 
wrìtten pennission of the publisher. or used beyond the limited distrìbution to teachers and educators 
peimitted bv McGraw-Hill for their individual course prepaiation. If you aie a student using this Manuah 
vou ai e using it without pennission. 




Chapter 5, Problem 23 


For the op amp circuit in Fig. 5.61, find thc voltagc gain Volvs. 



Figurc 5.61 


Chapter 5, Solution 23 


At thc invciting tciminal, v=0 so that KCL givcs 

V -0 0 0 -Rf 

Rj. Ry 
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Chapter 5, Problem 24 

In the circuit shown in Fig. 5.62, find k in thc voltagc transfcr fiinction Vo = hvs. 



Chapter 5, Solution 24 



Wc noticc that Vi = v^. Applying KCL at nodc 1 givcs 




(^l -V.v) , V, -V„ 


R, 


R. 


R, 


= 0 


Applying KCL at node 2 gives 

I Vi - 

R, R. 


J_ 


1 1 

- + - 


R 


f J 


R. R. 


0 


R. 


/?3 + R^ 


( 1 ) 

( 2 ) 


Substituting (2) into (1) yiclds 



^3 ì 

1 

^R^ Ry R^ ^ 

V^3 +^4/ 




^3 ì 

1 

Ul ^ 2 ) 

V-^3 +-^4^ 
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Chapter 5, Problem 25. 

Calculate Vo in the op amp eireuit of Fig. 5.63. 



Figure 5.63 For Prob. 5.25. 


Chapter 5, Solution 25. 

This is a voltage follower. If Vi is the output of the op amp, 

vi =2V 


V 


o 


20k 

20k+12k 


Vi 


= —(12)=1.25 V 
32 - 
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Chapter 5, Problem 26 


Detennine io in the cireuit of Fig. 5.64. 



Figure 5.64 


Chapter 5, Solution 26 



V, =0.4: 


Hence, 


= v^=0.8v^ - 

8 + 2 

V 0 5 

i =^ = —= 0.1mA 
5k 5k - 


V, =0.4/0.8 = 0.5V 
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Chapter 5, Problem 27. 

Find Vo in the op amp circuit in Fig. 5.65. 



Figure 5.65 For Prob. 5.27. 


Chapter 5, Solution 27. 

This is a voltagc followcr. 

V. = — — —(5) = 31/, ^2 = v.=3V 

' 24 + 16 ' ’ 2 1 

\/ =^^(3I/) = 1-8 V 
° 12 + 8 - 
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Chapter 5, Problem 28 

Find io in the op amp circuit of Fig. 5.66. 


50 kLi 



Figurc 5.66 


Chapter 5, Solution 28. 



Atnodc 1, - 

10k 


Vì-Vq 

50k 


But vi = 0.4V, 


-5vi = vi - Vo, lcads to Vo = 6vi = 2.4V 


Altcmativcly, vicwcd as a noninvciting amplificr, 

Vo = (1 + (50/10)) (0.4V) = MV 
io = Vo/(20k) = 2.4/(20k) = 120 uA 
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Chapter 5, Problem 29 


Detennine the voltage gain Volvi of the op amp cireuit in Fig. 5.67. 



Figure 5.67 

Chapter 5, Solution 29 


V 


a 


But 



R. R, 

V, - 


Or 
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Chapter 5, Problem 30 

In the drcuit shown in Fig. 5.68, find 4 and the power absorbed by the 20-Q resistor. 



Chapter 5, Solution 30. 

The output of the voltage becomes 

Vo = Vi = 12 

30||20 = 12kQ 


By voltage division, 


V 


X 


12 

12 + 60 


(1.2) = 0.2V 


20k 20k 


lOuA 


v" _ 0.04 
R ~ 20k 


2uW 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reseived. No pail 
of this Manual may be displayed. reproduced or distiibuted in any foim or by any means. without the prìor 

wrìtten peimission of the publisher. or used beyond the limited distríbution to teachers and educators 

peimitted bv McGraw-Hill for their individual course prepaiation. If you aie a student using this Manuah 

vou ai e using it without pemiission. 






















Chapter 5, Problem 31 


For the circuit in Fig. 5.69, find 4- 

12 kíì 



Figurc 5.69 


Chapter 5, Solution 31. 

Aftcr convciling thc cuiTcnt sourcc to a voltagc sourcc, thc circuit is as shown bclow: 



Atnodc 1, 


At nodc 2, 


= IlZÌ + IlZÌ ^ 48 = 7^,. 3,. 
3 6 12 


V, — V V — 0 

= ix -► Vi = 2vo 


From (1) and (2), 


4 ^ 

11 


i,^^^ 727.2nA 

6k 


( 1 ) 

( 2 ) 
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Chapter 5, Problem 32 


Calculate ix and v,, in the circuit of Fig. 5.70. Find the power dissipated by the 60-kD 
resistor. 


4 m\ 


© 


- 

50 kíí 


^20 kLÍ 

- 



. 5- í 


í ]0kíl 








Figure 5.70 


Chapter 5, Solution 32. 

Let Vx = the voltage at the output of the op amp. The given circuit is a non-inveifing 
amplifìer. 


= 1^1 + (4 mV) = 24 mV 

60||30 = 20kD 


By voltage division. 


Vo = 


20 Vx ,, ,, 

-= —= 12mV 

20 + 20 2 


24mV 


(20 + 20)k 40k 

v" 144x10-'' 


600nA 


-r = 


60x10' 


= 204nW 
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Chapter 5, Problem 33 

Refer to the op amp circuit in Fig. 5.71. Calculate 4 and the power dissipated by the 3- 
kD resistor. 


I kkì 



Figure 5.71 


Chapter 5, Solution 33. 

After transfoiTning the cunent source, the cunent is as shoAvn below: 



This is a noninveiting amplifier. 



Since the cunent enterìng the op amp is 0, the souree resistor has a OV potential drop. 
Hence Vi = 4V. 


v„=|(4) = 6V 


Power dissipated by the 3kf2 resistor is 


R 


— = 12mW 

3k 



4-6 

lk 


= -2mA 
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Chapter 5, Problem 34. 


Given the op amp cireuit shown in Fig. 5.72, express v„ in terms of V] and v^. 



Figure 5.72 

Chapter 5, Solution 34 


but 


Vl-Vín I Vl-Vin Q 
Rj R 2 


-^-'^0 

R 3 +R 4 


( 1 ) 

( 2 ) 


Combining (1) and (2), 


Vi 


Rj 


-V2' 


Ri 

R 


-Va = 0 


^ R 


1 + - 


R^ 


Vl -t--—V2 


R 3 V 0 


R 3 + R 4 


1 + 


Rj 


Ri 

= Vi+-^V2 


R 3 -1-^4 


R. 


^ R ^ 


1 + 


Rj 


Ri 

V] +— 




R 3 + R 4 . N 

vo =-^—(viR? + V2) 

R3(Ri+R2) 
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Chapter 5, Problem 35 


Design a non-inverting amplifier with a gain of 10. 


Chapter 5, Solution 35. 

A =^ = l + ^ = 10 -► Rf=9Ri 

V; R^ 

If Ri = 10kfì .Rf= 90kfì 
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Chapter 5, Problem 36 

For the circuit shown in Fig. 5.73, find the Thèvenin equivalent at terminals a-b. 
(Hint: To findT^Tii, apply a current source io and calculate v,,.) 



Figure 5.73 

Chapter 5, Solution 36 




But 




R, + R^ 


Thus, 


K, K, 


To get Rtii, apply a current source lo at terminals a-b as shown below. 



Since the noninverting terminal is connected to ground, Vi = v^ =0, i.e. no current passes 
through Ri and consequently R^ . Thus, Vo=0 and 

Rn=- = 0 
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Chapter 5, Problem 37 


Determine the output of the summing ampliíîer in Fig. 5.74. 



Figure 5.74 


Chapter 5, Solution 37. 


V,, =- 


Rj Rj Rj 

—H-H-^V 

R, ‘ R, ‘ R, ^ 


—(1) + —(2) + —(-3) 
10 20 30 


Vn=-3V 
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Chapter 5, Problem 38 


Calculate the output voltage due to the summing amplifíer shown in Fig. 5.75. 



Figure 5.75 


Chapter 5, Solution 38. 


V,. = - 


'50 


-V, +- 


lî 

R, 


-V, +- 


R, 


-V3+ 


R. 


(10) + — (-20) + — (50) + — (-100) 
25 20 10 50 


-120mV 
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Chapter 5, Problem 39 


For the op amp circuit in Fig. 5.76, determine the value of V 2 in order to make 
v,, = -16.5 V. 


iufwrí 



Figure 5.76 


Chapter 5, Solution 39 


This is a summing ampliíìer. 


V. = - 


— V, + — 

R. 




R, 


f 50,,, 50 50, „ , „ , , 

: - —(2) + —V, + — (-1) =-9-2.5v, 
UO 20 ‘ 50 ' 


Thus, 

= -16.5 = -9 - 2.5v 2 -> Vj = 3 V 
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Chapter 5, Problem 40. 

Find Vo in terms of Vi, V 2 , and V 3 , in the circuit of Fig. 5.77. 



Figure 5.77 For Prob. 5.40. 


Chapter 5, Solution 40. 

Applying KCL at node a, where node a is the input to the op amp. 


Vi -v^ V-» -v^ V:i-Va 

- — + - — +- = 0 or Va = (Vl + V 2 + V3)/3 

R R R 

Vo = (1 + Rl/R2)Va = (1 + Rl/Rltfvi + V2 + V 3 V 3 . 
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Chapter 5, Problem 41 

An averaging amplifier is a summer that provides an output equal to the average of the 
inputs. By using proper input and feedback resistor values, one can get 

-Vou, 

Using a feedback resistor of 10 kQ, design an averaging ampliíier with four inputs. 
Chapter 5, Solution 41. 

Rf/Ri=l/(4)-► Ri = 4Rf=40kQ 

The averaging ampliíîer is as shown below: 



Chapter 5, Problem 42 

A three-input summing amplitier has input resistors with = 7?2 = ^3 = 30 kD. 
To produce an averaging amplifier, what value of feedback resistor is needed? 


Chapter 5, Solution 42 

Rf = —Ri =10 kfl 
3 - 
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Chapter 5, Problem 43 

A four-input summing amplifier has R{=R 2 =R 3 =R 4 = 12 kí2. What value of feedback 
resistor is needed to make it an averaging amplitier? 


Chapter 5, Solution 43. 

In order for 


Rj Rj Rj Rj 

— V, +—V, +—V, + — 

Rj R, ‘ Rj R 


4 J 


to become 


=-^(vi +V2 +V3 +v,) 

Rf 1 Ri 12 „ ^ 

—^ = — -► R, = —^ = — = 3kíî 

R; 4 ‘44 - 
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Chapter 5, Problem 44 

Show that the output voltage Vo of the circuit in Fig. 5.78 is 

(/?3 +R^) / I p v 'l 

R,{R,*Kr" 



Chapter 5, Solution 44. 


Figure 5.78 


At node b, 



Ri R^ 


( 1 ) 


At node a, - 

Rs 



Vq 

I + R4/R3 


( 2 ) 


But Va = Vb- We set (1) and (2) equal. 

_R2^1+Ri^2 

I + R 4 /R 3 Rj+R^ 


or 


Vo 


(R 3 + R 4 ) 

RsÍRi +R2) 


(R2V1+R1V2) 
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Chapter 5, Problem 45 

Design an op amp circuit to perform the following operation: 

V,, = 3vi - 2 v2 
All resistances must be ^ 100 kfl. 


Chapter 5, Solution 45. 

This can be achieved as follows: 


V. = - 


R . X R 


R/3 


R/2 




R, 


i.e. Rf = R, Ri = R/3, and R^ = R/2 

Thus we need an inverter to invert vi, and a summer, as shown below (R<100kn). 
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Chapter 5, Problem 46 


Using only two op amps, design a circuit to solve 



Chapter 5, Solution 46. 


1 . .1 Rf Rx / X Rf 

-^ + -(-v.) + -V3 =— v^ + — (-v.) + —V3 

3 3 2 R, r/ R, 


i.e. R 3 = 2Rf, Ri = R 2 = 3Rf. To get -V 2 , we need an inverter with Rf = Ri. If Rf = 10kí2, 
a solution is given below. 
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Chapter 5, Problem 47. 


The circuit in Fig. 5.79 is for a difference amplifier. Find Vo given that vi =1V and V 2 = 
2V. 

30kí2 



Figure 5.79 For Prob. 5.47. 


Chapter 5, Solution 47. 


Usingeq. (5.18), F^ = 2l€ì, =30kD., f%=2l<n, R^ = 20l€ì 

^ 30(1 + 2/ 30) 30 jg_(2)-15(1) = 14.09 V 

° 2(1 + 2 / 20 ) " 2 ' 2.2 - 
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Chapter 5, Problem 48 

The circuit in Fig. 5.80 is a differential amplifier driven by a bridge. Find v^. 


20 kíi SO kíi 



Figure 5.80 
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Chapter 5, Solution 48. 

We can break this problem up into parts. The 5 mV source separates the lower circuit 
from the upper. In addition, there is no current flowing into the input of the op amp 
which means we now have the 40-kohm resistor in series with a parallel combination of 
the 60-kohm resistor and the equivalent 100-kohm resistor. 


20 kQ 80 Uì 



Thus, 40k + (60xl00k)/(160) = 77.5k 

which leads to the current flowing through this part of the circuit, 
i = 5m/77.5k = 6.452x10'* 

The voltage across the 60k and equivalent 100k is equal to, 
v = ix37.5k = 2.419mV 

We can now calculate the voltage across the 80-kohm resistor. 

Vso = 0.8x2.419m= 1.9352mV 

which is also the voltage at both inputs of the op amp and the voltage between the 20 - 
kohm and 80-kohm resistors in the upper circuit. Let Vi be the voltage to the left of the 
20 -kohm resistor of the upper circuit and we can write a node equation at that node. 

(vi-5m)/(10k) + vi/30k + (vi-1.9352m)/20k = 0 

or 6 vi - 30m + 2vi + 3vi - 5.806m = 0 

or vi = 35.806m/l 1 = 3.255mV 

The current through the 20k-ohm resistor, left to right, is, 

Ì 2 o = (3.255m-1.9352m)/20k = 6.599x10"^ A 

thus, Vo = 1.9352m - 6.599x10“\80k 

= 1.9352m - 5.2792m = -3.344 mV . 
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Chapter 5, Problem 49 

Design a difference amplifier to have a gain of 2 and a common mode input resistance of 
10 at each input. 


Chapter 5, Solution 49. 


Ri=R3=10kíì, R 2 /(Ri) = 2 
i.e. R 2 “ 2 Ri = 20 kí 2 = R 4 


Verify: 


Rt ì + R^/Rt R-, 

R, Ì + R3/R4 R, 


. (1 + 0-5) 
1 + 0.5 


- 2 v.= 2 (v, 


vO 


Thus, Ri = R3 = 10kn. R 2 = R 4 = 20M2 
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Chapter 5, Problem 50 

Design a circuit to amplify thc diffcrcncc bctwccn two inputs by 2. 

(a) Usc only onc op amp. 

(b) Usc two op amps. 

Chapter 5, Solution 50. 

(a) Wc usc a diffcrcncc amplificr, as shown bclow: 



v„ =^(V 2 -v,) = 2(v. -Vj), i.e. R 2 /Ri = 2 
If Ri = 10 kí2 thcn = 20kí2 


(b) 


Wc may apply thc idca in Prob. 5.35. 
Vo =2Vi -2 v2 


R . X R 
(-vj + ^v. 


.R/^' R/2 

— (-Vi) + —V, 

R,' ^ R, ' 

i.c. Rf — R, Ri — R/2 = R 2 


Wc nccd an invcrtcr to invcrt Vi and a summcr, as shown bclow. Wc may lct R = 10kí2. 
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Chapter 5, Problem 51 


Using two op amps, design a subtractor. 


Chapter 5, Solution 51. 

We achieve this by cascading an inverting amplifier and two-input inverting summer as 
shown below: 



Verify: 

Vo = -Va - V2 

But Va = -vi. Hence 

Vo = Vi - V2. 
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Chapter 5, Problem 52 

Design an op amp circuit such that 
Vo = - 2vi + 4v2 - 5V3 - V4 

Let all the resistors be in the range of 5 to 100 kí2. 


Chapter 5, Solution 52 

A summing ampliíier shown below will achieve the objective. An inverter is inserted to 
invert v^. Let R = 10 kíl. 

R/2 R 
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Chapter 5, Problem 53 


The ordinary difference amplifier for fixed-gain operation is shown in Fig. 5.81(a). It is 
simple and reliable unless gain is made variable. One way of providing gain adjustment 
without losing simplicity and accuracy is to use the circuit in Fig. 5.81(b). Another way is 
to use the circuit in Fig. 5.8l(c). Show that: 


(a) for the circuit in Fig. 5.8l(a), 

V, R, 

(b) for the circuit in Fig. 5.81(b), 

V. 1 

V, + ^ 

IR^ 


(c) for the circuit in Fig. 5.8l(c), 


V, 


R. 


1 + 


R. 


2R, 


G J 
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Figure 5.81 
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Chapter 5, Solution 53. 


(a) 



At node a, 


At node b, 


Vi-Va ^ Va-Vo 

R* R, 


Vb 


R. 

-^—V, 

R 1 +R 2 ‘ 


R^Vi+RiVç 

Rj^ + Rt 


But Va = Vb. Setting (1) and (2) equal gives 

R, R.Vj+RjV^ 

- ± -Y = ± — t - 1—tL 

Rj +Rt Rj +Rt 



( 1 ) 

( 2 ) 
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But for the difference amplifier, 


or 


R. 


= - 


R ^/2 


(vb-Va) 

Ri 


2R, 


( 4 ) 


Equating (3) and (4), 


2R^ 

V; 


Zi_ 

2 


1 + 


2R. 


R, 




2R„ 
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(c) At node a, 


Rj R,/2 

2R, 2R, 

V, —V =—-^v. 

‘ “ R, “ R, 


Atnodeb, -v 


2R. 2R. 


' R, ^ R, ® 


Since Va = Vb, we subtract (1) irom (2), 

-2R, 


v,-v,=-^(v.-vj = | 


or Vr -v^ = 


-Rn 

- 

2R^ 


At node A, 


Va-^A , Vb-Va _ Va-V, 

R 2/2 R, 


R/2 


At node B, 



/ \ 



-r— 

‘ 2R, 

IVb-Va) = 

^Va- 

■v„ 

Vb-VB 

Vb -Va 

-Zb 

-0 

R/2 

Rg 

R 

/2 


R^ / 



Vb-VB 

-^(Vfi 

'Tn V ^ 

-Va) 

1 = V- 


2R 


Subtracting (5) from (4), 


Vb-Va +:^(vb-Va) = Va -Vb-v„ 

f u ^ 

2(vb-Va)1 + ^ 


= -V,, 


Combining (3) and (6), 


R. 


-V; 


1 + -^' 


V 2R,, 


= -V„ 


V; R, 




V 2R,, 


( 1 ) 

( 2 ) 


(3) 


(4) 

(5) 

( 6 ) 
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Chapter 5, Problem 54. 

Determine the voltage transfer ratio Vq/Vs in the op amp circuit of Fig. 5.82, 
where R =10 kf2. 


R 



Figure 5.82 For Prob. 5.54. 


Chapter 5, Solution 54. 

The first stage is a summer (please note that we let the output of the first stage be Vi). 

The second stage is a noninverting amplifier 

Vo = (1 + R/R)vi = 2vi = 2(-Vs - Vo) or 3Vo = -2vs 


Vo/Vs = -0.6667 . 
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Chapter 5, Problem 55 


In a certain electronic device, a three-stage amplifier is desired, whose overall voltage 
gain is 42 dB. The individual voltage gains of the first two stages are to be equal, while 
the gain of the third is to be one-fourth of each of the first two. Calculate the voltage gain 
of each. 

Chapter 5, Solution 55. 

Let Ai = k, A 2 = k, and A 3 = k/(4) 

A = A 1 A 2 A 3 = kV(4) 

20Log^yA = 42 

Logi„A = 2.1-► A =10^‘ = 125.89 

k^ = 4A = 503.57 
k= V503.57 = 7.956 

Thus Ai = A2 = 7.956 . A3 = 1.989 


Chapter 5, Problem 56. 

Calculate the gain of the op amp circuit shown in Fig. 5.83. 


10kD 40kn 



Chapter 5, Solution 56. 

Each stage is an inverting amplifier. Hence. 




(-ÎÍ)(-Í2) = 20 

1 20 ~ 
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Chapter 5, Problem 57. 

Find Vo in the op amp circuit of Fig. 5.84. 



Figure 5.84 For Prob. 5.57. 


Chapter 5, Solution 57. 

Let vi be the output of the first op amp and V 2 be the output of the second op amp. 


The first stage is an inverting amplifier. 

50 

The second state is a summer. 


V 2 = -(100/50)v,2 - (100/100)vi = -2v,2 + 2v,i 
The third state is a noninverting amplifier 
+ =3^2 -6v^ 
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Chapter 5, Problem 58 


Calculate io in the op amp circuit of Fig. 5.85. 


10 kQ 



Figure 5.85 


Chapter 5, Solution 58. 

Looking at the circuit, the voltage at the right side of the 5-kQ resistor must be at OV if 
the op amps are working correctly. Thus the l-kQ is in series with the parallel 
combination of the 3-kQ and the 5-kQ. By voltage division, the input to the voltage 
follower is: 


Thus 




JlL 

I + 3||5 


(0.6) = 0.3913V= to the output of the first op amp. 


Vo = -10((0.3913/5)+(0.3913/2)) = -2.739 V. 


0 - V 

-^= 0.6848 mA 

4k - 
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Chapter 5, Problem 59. 

In the op amp circuit of Fig. 5.86, determine the voltage gain Vq/Vs. Take R = 10 kD. 


2R 4R 



Figure 5.86 For Prob. 5.59. 


Chapter 5, Solution 59. 

The fìrst stage is a noninverting amplitier. If vi is the output of the fìrst op amp, 


vi = (1 + 2R/R)Vs = 3Vs 


The second stage is an inverting ampliíier 

Vo = -(4R/R)vi = -4vi = -4(3vs) = -12vs 


Vo/Vs = -12 . 
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Chapter 5, Problem 60. 

Calculate Vq/vì in the op amp circuit in Fig. 5.87. 


4kn 



Figure 5.87 For Prob. 5.60. 


Chapter 5, Solution 60. 

The first stage is a summer. Let Vi be the output of the tirst stage. 






> v,=-2v,.-2.5v^ 


( 1 ) 


By voltage division, 


l/,= 


10 

10 + 2 



Combinmg (1) and (2), 

5 10 

- 1 /, = -2l/, - 2.5v, -> — l/o = -2v, 

6 3 


( 2 ) 


= - 6/10 =- 0.6 
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Chapter 5, Problem 61. 

Determine Vo in the circuit of Fig. 5.88. 

20 kn 10 kn 40 kQ 



Figure 5.88 For Prob. 5.61. 


Chapter 5, Solution 61. 

The first op amp is an inverter. If vi is the output of the first op amp, 




200 

100 


(0.4) =-0.81/ 


The second op amp is a summer 

-40 40 

= -(0.2)-—(0.8) = 0.8 + 1.6 = 2.4 V 

o ^ ^ 20 - 
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Chapter 5, Problem 62 


Obtain the closed-loop voltage gain Vf/Vi of the circuit in Fig. 5.89. 





Figure 5.89 

Chapter 5, Solution 62. 

Let vi = output of the first op amp 
V 2 = output of the second op amp 


The first stage is a summer 


—-^v 

‘ Rf “ 


( 1 ) 


The second stage is a follower. By voltage division 


^ v^ 


R. 


R3 -I- R^ 


-> V, 


R3 -I- R4 

R. 


( 2 ) 


From (1) and (2), 


R 


4 j 


Rt Rt 

V =-^V--^v 

' Rf ‘ Rf “ 




Rj Rt 

1 + —+ — 

R 4 Rf y 


Vl 


Ri 


R, 

^0 =-^V; 

R, 

1 


-R 2 R 4 R 


f 


^ I R 3 ^ R 2 R/R^R^+R3Rf+R4Rf) 
R4 Rf 
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Chapter 5, Problem 63 


Determine the gain vjvi of the circuit in Fig. 5.90. 





Figure 5.90 


Chapter 5, Solution 63. 

The two op amps are summers. Let vi be the output of the first op amp. For the first 
stage, 


^2 ^2 

V =-^v,-^v,^ 

‘ Rj ' Rj “ 


For the second stage, 


Ra Ra 


Combining (1) and (2), 


( 1 ) 


( 2 ) 


R. 


í 

R4 

Í 


V; + — 



R5 

V^3 y 


R 2 R 4 
R 3 R 5 j 


R 2 R 4 


V R1R5 


R 





R2R4 R4 

Vq _ R1R5 Ró 

Vj j^R^R^ 

R 3 R 5 
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Chapter 5, Problem 64 


For the op amp circuit shown in Fig. 5.91, find Volvs. 





Figure 5.91 

Chapter 5, Solution 64 



At node 1, Vi=0 so that KCL gives 

+^4^0 =-Gv (1) 

At node 2, 

=-Gv 

From (1) and (2), 

GiV^ +<^ 4^0 = G^v, -^G^v^ 
or 

V . ^ -^2 

G3-G4 
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(2) 

■» (Gj - )v, = (Gj - G 4 )v„ 















































Chapter 5, Problem 65 


Find Vo in the op amp circuit of Fig. 5.92. 





Figure 5.92 


Chapter 5, Solution 65 


The output of the first op amp (to the left) is 6 mV. The second op amp is an inverter so 
that its output is 

V —(6mV) = -18mV 

" 10 

The third op amp is a noninverter so that 


V. = 


40 

40 + 8 ^'’ 


= —v/=-21.6mV 
40 - 
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Chapter 5, Problem 66 


For the circuit in Fig. 5.93, find v,>. 

25 kU 



Figure 5.93 


Chapter 5, Solution 66. 


-IQQ 

25 


IQQr 4Q 


\ 


IQQ 


( 6 )-— ( 4 )- —( 2 ) 


20 l 20 


10 


= -24 + 40-20= -4V 
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Chapter 5, Problem 67 


Obtain the output Vo in the circuit of Fig. 5.94. 


SO kíl 80 kíì 



Figure 5.94 


Chapter 5, Solution 67. 


80 r 80 


80 


Vo=-— (0.2)- —(0.2) 


401 20 


= 3.2-0.8= 2.4V 


20 
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Chapter 5, Problem 68. 


Find Vo in the circuit in Fig. 5.95, assuming that Rf=^ (open circuit). 





Figure 5.95 


Chapter 5, Solution 68. 

If Rq = 00 , the first stage is an inverter. 

=_'l(10) = -30mV 


when Va is the output of the first op amp. 

The second stage is a noninverting amplifier. 


v. =1 1 + - 

2 


=a + 3V-3Q)= -120mV 
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Chapter 5, Problem 69 


Repeat the previous problem if Rf= 10 kD. 


5.68 Find in the circuit in Fig. 5.93, assuming that Rf = ^ (open circuit). 



Chapter 5, Solution 69. 


In this case, the fîrst stage is a summer 


V, =-—(10)-—v„ =-30-1.5v„ 
■* 5 10 


For the second stage, 


V,. = 1 + 


7v„ =-120 


V. =4v, =4(-30-1.5v„) 
120 




7 


-17.143mV 
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Chapter 5, Problem 70 


Determine Vo in the op amp circuit of Fig. 5.96. 


30 kíl 



40 m 

- V-.AA- 


20 kíí 
W'A- 


- 

ÙO ki2 



í I 0 kíi 


1 



Figure 5.96 
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Chapter 5, Solution 70. 


The output of ampliíier A is 


10 10 


The output of amplifier B is 


20 


20 


Vb=-Tt(3)-tt(4) = -14 


10 


10 



Vb 


10 

60 + 10 


(-14) = -2V 


V. —V V —V 

At node a, ^ 

20 40 

But Va = Vh = -2V, 2(-9+2) = -2-Vo 

Therefore, Vo = 12V 
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Chapter 5, Problem 71 


Determine Vo in the op amp circuit in Fig. 5.97. 



Figure 5.97 
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Chapter 5, Problem 72 

Find the load voltage vl in the circuit of Fig. 5.98. 

100 k^i 250 kíì 



Figure 5.98 


Chapter 5, Solution 72. 


Since no current flows into the input terminals of ideal op amp, there is no voltage drop 
across the 20 kí2 resistor. As a voltage summer, the output of the first op amp is 
Voi = 0.4 


The second stage is an inverter 
250 

V2 =-Voi 

2 100 


-2.5(0.4) = -rv 


Chapter 5, Problem 73 

Determine the load voltage vl in the circuit of Fig. 5.99. 

50 kíi 


Chapter 5, 



The first stage is an inverter. The output is 

Voi =-—(-1.8) + 1.8 = 10.8V 

10 

The second stage is 

Vj = v„i = 10.8V 
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Chapter 5, Problem 74 


Find i„ in the op amp circuit of Fig. 5.100. 

100 kLi :,2kLi 



Figure 5.100 


Chapter 5, Solutíon 74. 

Let vi = output of the íïrst op amp 
V 2 = input of the second op amp. 

The two sub-circuits are inverting amplifiers 




100 

10 

1.6 


(0.6) = -6V 


(0.4) = -8V 


Vl -V2 

20k 


-6-k8 

20k 


= 100 iiA 
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Chapter 5, Problem 75 

Rework Example 5.11 using the nonideal op amp LM324 instead of uA74L 
Example 5.11 - Use PSpice to solve the op amp circuit for Example 5.1. 



FigUrê 5.34 Scliematic for Exaniplc 5.11 
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Chapter 5, Solution 75. 

The schematic is shown below. Pseudo-components VIEWPOINT and IPROBE are 
involved as shown to measure Vo and i respectively. Once the circuit is saved, we click 
Analysis | Simulate . The values of v and i are displayed on the pseudo-components as: 

i = 200 uA 

(Vo/Vg) = -4/2 = ^ 

The results are slightly different than those obtained in Example 5.11. 
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Chapter 5, Problem 76 


Solve Prob. 5.19 using PSpice and op amp uA741. 


5.19 Determine io in the circuit of Fig. 5.57. 


2kL2 

- 


I V 


4 kLÏ 
-WW 


^ 4kil 


IOkL2 
-■VWij - 



^ 5 kQ 


Figure 5.57 


Chapter 5, Solution 76. 

The schematic is shown below. IPROBE is inserted to measure Ìq. Upon simulation, the 
value of io is displayed on IPROBE as 

io = -374.78 uA 
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Chapter 5, Problem 77 

Solve Prob. 5.48 using PSpice and op amp LM324. 

5.48 The circuit in Fig. 5.78 is a differential amplifier driven by a bridge. Find v^. 


20 kL2 SO kíi 



Figure 5.78 

Chapter 5, Solution 77. 

The schematic for the PSpice solution is shown below. 

Note that the output voltage, -3.343 mV , agrees with the answer to problem, 5.48. 



PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou are using it without permission. 














































Chapter 5, Problem 78 


Use PSpice to obtain in the circuit of Fig. 5.101. 

iokii 20kíi :^oka 40kL2 



Chapter 5, Solution 78. 

The circuit is constructed as shown below. We insert a VIEWPOINT to display Vq. 
Upon simulating the circuit, we obtain, 


Vo = 667.75 mV 
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Chapter 5, Problem 79 

Determine Vo in the op amp circuit of Fig. 5.102 using PSpice. 


20 \0kíì 



Figure 5.102 

Chapter 5, Solution 79. 

The schematic is shown below. A pseudo-component VIEWPOINT is inserted to display 
Vo. After saving and simulating the circuit, we obtain, 

Vo = -14.61 V 
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Chapter 5, Problem 80. 


Use PSpice to solve Prob. 5.61. 


Chapter 5, Solution 80. 


The schematic is as shown below. After it is saved and simulated, we obtain 


V.-2.4 V. 
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Chapter 5, Problem 81 

Use PSpice to verify the results in Example 5.9. Assume nonideal op amps LM324. 

Example 5.9 - Determine vo and io in the op amp circuit in Fig. 5.30. 

Answer: 10 V, 1 mA. 



Figure 5.30 roi- Practi« Pmb. 5.9. 


Chapter 5, Solution 81. 

The schematic is shown below. We insert one VIEWPOINT and one IPROBE to 
measure Vo and io respectively. Upon saving and simulating the circuit, we obtain, 

Vo = 343.4 mV 


io = 24.51 uA 
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Chapter 5, Problem 82 


A tive-bit DAC covers a voltage range of 0 to 7.75 V. Calculate how much voltage each 
bit is worth. 

Chapter 5, Solution 82. 

The maximum voltage level corresponds to 

11111 = 2^-1 

Hence, each bit is worth (7.75/31) = 


= 31 

250 mV 


Chapter 5, Problem 83 

Design a six-bit digital-to-analog converter. 

(a) If |K| = 1.1875 V is desired, what should [Vi V 2 V 3 V 4 V 5 V 6 ] be? 

(b) Calculate |K| if [V 1 V 2 V 3 V 4 V 5 V 6 ] = [011011]. 

(c) What is the maximum value | V^l can assume? 


Chapter 5, Solution 83. 

The result depends on your design. Hence, letRo^ 10kohms, Ri = 10kohms, R 2 = 
20kohms, R 3 = 40kohms, R 4 = 80kohms, R 5 = 160kohms, R^ = 320kohms, 
then. 


-Vo = (Rf/Ri)vi + - + (Rf/R6)v6 

= vi + 0.5 v2 + 0.25v3 + 0.125v 4 + 0.0625v5 + 0.03125v6 

(a) |vo| = 1.1875 = 1 + 0.125 + 0.0625 = 1 + (1/8) + (1/16) which implies, 

[vi V 2 V 3 V 4 V 5 V 6 ] = [100110] 

(b) |Vo| = 0 + (1/2) + (1/4) + 0 + (1/16) + (1/32) = (27/32) = 843.75 mV 

(c) This corresponds to [1 11111]. 

|Vo| = 1 + (1/2) + (1/4) + (1/8) + (1/16) + (1/32) = 63/32 = 1.96875 V 
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Chapter 5, Problem 84 

A four-bit R-2R ladder DAC is presented in Fig. 5.103. 
(a) Show that the output voltage is given by 




IR AR SR 16R 


(b) lt'Rf= 12 kQ and/î = 10 kQ, fmd |V„| for [Vi V 2 V 3 V 4 ] = [1011] and [Vi V2V3V4] 
[ 0101 ]. 


2R 


'i 

'"2 






''A.jVV 




O- ^W'A^ 




O - 'YvV\— 


I 


o— 


Jl 





Figure 5.103 
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Chapter 5, Solution 84. 

For (a), the process of the proof is time consuming and the results are only approximate, 
but close enough for the applications where this device is used. 


(a) The easiest way to solve this problem is to use superposition and to solve 

for each term letting all of the corresponding voltages be equal to zero. 
Also, starting with each current contribution (i^) equal to one amp and 
working backwards is easiest. 



For the first case, let V 2 = V 3 = V 4 = 0, andii = lA. 
Therefore, Vi = 2Rvolts orii = vi/(2R). 


Second case, let vi = V 3 = V 4 = 0, andi^ = lA. 


Therefore, V 2 = 85R/21 volts ori^ = 21v2/(85R). Clearly this is not 
(1/4^^), so where is the difference? (21/85) = 0.247 which is a really 
good approximation for 0.25. Since this is a practical electronic circuit, 
the result is good enough for all practical purposes. 


Now for the third case, let vi = V 2 = V 4 = 0, andb = lA. 
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Therefore, V 3 = 8.5Rvolts ori^ = V 3 /( 8 . 5 R). Clearly this is not 
(1/8^'), so where is the difference? (1/8.5) = 0.11765 which is a really 
good approximation for 0.125. Since this is a practical electronic circuit, 
the result is good enough for all practical purposes. 

Finally, for the fourth case, let vi = V 2 = V 4 = 0, andi^ = lA. 

Therefore, V 4 = 16.25Rvolts orû = V4/(16.25R). Clearly this is not 
(1/16^\ so where is the difference? (1/16.25) = 0.06154 which is a 
really good approximation for 0.0625. Since this is a practical electronic 
circuit, the result is good enough for all practical purposes. 

Please note that a goal of a lot of electronic design is to come up with 
practical circuits that are economical to design and build yet give the 
desired results. 

(b) If Rf = 12 k ohms and R = 10 k ohms, 

-Vo = (12/20)[vi + (V2/2) + (V3/4) + (V4/8)] 

= 0 . 6 [vi + 0 . 5 v 2 + 0.25v 3 + 0.125v4] 

For [vi V 2 V 3 V 4 ] = [10 11], 

|Vo| = 0.6[1 +0.25 +0.125] = 825 mV 
For [vi V 2 V 3 V 4 ] = [0 10 1], 

|Vo| = 0.6[0.5 +0.125] = 375 111 V 
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Chapter 5, Problem 85. 

In the op amp circuit of Fig. 5.104, find the value of R so that the power absorbed by the 
10-kDresistoris 10 mW. Take Vs = 2V. 



Ì0kn 


Figure 5.104 For Prob. 5.85. 


Chapter 5, Solution 85. 

This is a noninverting amplifier. 

Vo = (1 + Ry40k)vs = (1 + Ry40k)2 
The power being delivered to the l0-kn give us 

P = 10 mW = (Vo)^/10k or Vo = VÏTTdV = lOV 
Retuming to our first equation we get 

10 = (1 +Ry40k)2 or Ry40k = 5-1=4 
Thus, R = 160 kfì . 
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Chapter 5, Problem 86 

Assuming a gain of 200 for an lA, fínd its output voltage for: 

(a) vi = 0.402 V and vz = 0.386 V 

(b) VI = 1.002 V and vj = 1.011 V. 


Chapter 5, Solutíon 86. 

Vo = A(V2 -Vi) = 200(V2-Vi) 

(a) Vo = 200(0.386-0.402) = -3.2 V 

Vo = 200(1.011 -1.002) = 1.8 V 


Chapter 5, Problem 87 

Figure 5.105 displays a two-op-amp instrumentation amplifíer. Derive an expression for 
v„ in terms of vi and v^. How can this amplifíer be used as a subtractor? 





Figure 5.105 

Chapter 5, Solution 87. 

The output, Va, of the fírst op amp is, 

Va = (1 + (R 2 /Ri))Vi (1) 

Also, Vo = (-R4/R3)Va + (1 + (R^/Rb))^^ (2) 

Substituting (1) into (2), 

Vo = (-R 4 /R 3 ) (1 + (R2/Ri))Vi + (1 + (R4/R3))V2 
Or, Vo = (1 + nCt/R^Dv? - (TCt/R^ + (R^lCi/RiR^^^vi 

If R 4 = Ri and R 3 = R 2 , then. 


Vo = (1 + (R4/R3))(V2 - Vl) 

which is a suhtractor with a gain of (1 + IR^/R^lì . 
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Chapter 5, Problem 88 


Figure 5.106 shows an instrumentation amplifier driven by a bridge. Obtain the gain vyv/ 
of the amplitier. 
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Chapter 5, Solutíon 88. 


We need to find Vtii at terminals a - b, írom this, 

Vo =(R2 /Ri)(1 +2(R3/R4))Vti, = (500/25)(l +2(10/2))VTh 

= 220VTh 


Now we use Fig. (b) to find Vtii in terms of vi. 




Va = (3/5)vi, Vh = (2/3)vi 
Vih = Vh-Va (l/15)Vi 
(Vo/Vi) = Av = -220/15 = -14.667 
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Chapter 5, Problem 89. 

Design a circuit that provides a relationship between output voltage Vo and input voltage 
Vs such that Vo = 12vs - 10. Two op amps, a 6-V battery and several resistors are 
available. 


Chapter 5, Solution 89. 

A summer with v„ = -vi^ - (5/3)v2 where v^ = 6-V battery and an inverting amplifíer 
with Vj^ = -12vg . 
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Chapter 5, Problem 90 


The op amp circuit in Fig. 5.107 is a current ampliýïer. Find the current gain iyis of the 
amplitier. 

20 ki2 



Figure 5.107 


Chapter 5, Solution 90. 

Transforming the current source to a voltage source produces the circuit below, 
At node b, Vb = (2/(2 + 4))Vo = Vo/3 



At node a, (5is - Va)/5 = (Va - Vo)/20 

But Va = Vb = Vo/3. 20is-(4/3)Vo = (l/3)Vo- Vo, or is = Vo/30 

io = [(2/(2 + 4))/2]Vo = Vo/6 
io/is = (Vo/6)/(Vo/30) = 5 
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Chapter 5, Problem 91 


A noninverting current amplifíer is portrayed in Fig. 5.108. Calculate the gain Take 
R\=S kf2 and R 2 = I kr2. 



Figure 5.108 


Chapter 5, Solution 91. 



But ii = is (2) 

Ri and have the same voltage, Vo, across them. 

Rfíi = R 2 Ì 2 , which leads to Ì 2 = (Ri/R^^ii (3) 

Substituting (2) and (3) into (1) gives, 
io = Ìs(1+Ri/R2) 
io/is = 1 + (R 1 /R 2 ) = 1 + 8/1 = 9 
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Chapter 5, Problem 92 

Refer to the bridge amplifier shown in Fig. 5.109. Determine the voltage gain vjvi . 


60kL2 



Figure 5.109 


Chapter 5, Solution 92 

The top op amp circuit is a non-inverter, while the lower one is an inverter. The output 
at the top op amp is 


vi = (1 + 60/30)vi = 3vi 
while the output of the lower op amp is 
V 2 = -(50/20)Vi = -2.5vi 


Hence, 


Vo = V 1 -V 2 = 3vi + 2.5vi = 5.5vi 


Vo/Vi = ^ 
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Chapter 5, Problem 93 

A voltage-to-current converter is shown in Fig. 5.110, whichmeans that ìl=Avì if R\R 2 = 
R^^Ra. Find the constant term A. 





Figure 5.110 
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Chapter 5, Solutíon 93. 



At node a, (vi - Va)/Ri = (Va - Vo)/R3 
Vi-Va = (R|/R2)(Va - Vo) 

Vi + (Ri/R3)Vo = (1 +Rl/R3)Va (1) 

But Va = Vb = Vl. Hence, (1) becomes 

Vi = (1 + Ri/R3)vl - (Ri/R3)Vo (2) 

io = Vo/(R4 + R2||Rl), ÌL = (R2 /(R2 + Rl))Ìo = (^ 2/(^2 + Rl))(Vo/( R 4 + R^l|R l)) 

Or, Vo = Ìl[(R2 + Rl)(R4 + R2 ||Rl)/R2 (3) 

But, Vl = ÌlRl (4) 

Substituting (3) and (4) into (2), 


Vi = (1 + R1/R3) ÌlRl - Ri[(R 2 + Rl)/(R2R3)]( R 4 + R 2 ||Rl)Ìl 
= [((R3 + Ri)/R3)Rl - Ri((R2 + Rl)/(R2R3)(R4 + (R^Rl/^R^ + Rl))]Ìl 


Thus, 


= (1/A)Ìl 


A = 


^ 13 ^ 

l + ^ 

V R 37 


Rl-Rì 


^R^+Rl^ 

R2R3 


RîRi 

Ra+ ' 


R2 +RLy 


Please note that A has the units of mhos. An easy check is to let every resistor equal 1- 
ohm and Vi equal to one amp. Going through the circuit produces Ìl = 1A. Plugging into 
the above equation produces the same answer so the answer does check. 
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Chapter 6, Problem 1. 

If the voltage aeross a 5-F capacitor is 2/e'^^ V, find the cuiTent and the power. 


Chapter 6, Solution 1. 

i = C^ = 5(2e“^‘ -6te~^‘)= 10(l -3tk —A 
p = vi= 10(l-3t)e'^' • 2t e'^' = 20ttl - 3tìe ^W 

Chapter 6, Problem 2. 

A 20-pF eapacitor has energy i/i/(í) = 10 C 0 S? 377 1 J. DeteiTnine the cuiTent through 
the capacitor. 


Chapter 6, Solution 2. 





2F1/ 

C 


20cos^377t 

20x10'® 


10®cosP377í 


V = ±10®cos(377t) V, let us assume the v = +eos(377t) mV, this then leads to, 


i = C(dv/dt) = 20xl0'®(-377sin(377t)10'^) = -7.54sint377tl A . 


Please note that if W€ had chosen the negative valuefor v, 
then i would have been positive. 


Chapter 6, Problem 3. 

In 5 s, the voltage across a 40-niF capacitor ehanges fiom 160 V to 
220 V. Calculate the average cuiTent through the eapacitor. 


Chapter 6, Solution 3. 


av ^ 

i = C—= 40x10"^ 
dt 


220-160 

5 


= 480 mA 
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Chapter 6, Problem 4. 


A cuiTent of 6 sin At A flows through a 2-F capacitor. Find the 
voltage v(t) across the capacitor given that v(0) = 1 V. 

Chapter 6, Solution 4. 

v^-^fidt + vCO) 


— f 6sin4tdt + l 
2 Jo 


—cos4t 
4 


M 


J 


t 

+ 1 

0 


-0.75 cos 4t + 0.75 +1 


- 1.75-0.75 cos 4tV 


Chapter 6, Problem 5. 

The voltage across a 4-|lxF capacitor is shown in Fig. 6.45. Find the cunent waveform. 



> t (ms) 



-10 

Figure 6.45 For Prob. 6.5. 


Chapter 6, Solution 5. 


V - 


5000t, 0 < t < 2ms 

^ 20 - 5000t, 2 < t < 6ms 
- 40 + 5000t, 6 < t < 8ms 


dv 

dt~ 10'® 


0 < t<2ms 
2<t<6ms= 
6< t<8ms 


20 mA, 

< -20 m A, 
20 mA, 


0 < í< 2ms 
2<t<6ms 
6<t<8ms 
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Chapter 6, Problem 6. 


The voltage waveform in Fig. 6.46 is applied across a 30-/^F capacitor. Draw the current 
waveform through it. 



Figure 6.46 

Chapter 6, Solution 6. 

dv 

i = C — = 30x10 X slope of the waveform. 
dt 

For example, for 0 < t < 2, 

dv _ 10 

dt ” 2x10“' 

i= C—= 3Qxl0“"x =15QmA 

dt 2x10"' 

Thus the current i is sketched below. 
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Chapter 6, Problem 7. 


At t=0, the voltage across a 50-mF capacitor is 10 V. Calculate the voltage across the 
capacitor for t> 0 when current 4t mA flows through it. 

Chapter 6, Solution 7. 

v = — íidt-hv(t,J =-^—- f4txl0“Mt + 10 

C J “ 50x10“' ^ 

2 t^ 

=-+ 10 = 0.04t2 + 10V 

50- 

Chapter 6, Problem 8. 

A 4-mF capacitor has the terminal voltage 

50 V, r<0 

V, í > 0 

If the capacitor has initial current of 2A, find: 

(a) the constants A and B, 

(b) the energy stored in the capacitor at t = 0, 

(c) the capacitor current for t > 0. 

Chapter 6, Solution 8. 

(a) ï = C—= -100v4Cí--'""'-ôOOBCe'"""' (1) 

dt 

/(0) = 2 = -1004C-600SC -> 5 = -A-6B (2) 

v(0") = v(0-) -> 50 = A + fi (3) 

Solving (2) and (3) leads to 
A=61. B=-ll 

(b) Energy = tcv"(0) = xlSm = ^ 

(e) From(l), 


i = -100.ï6Lï4.ï10^'í; -600.dLï4.rl0 ‘'í; “"' = -24.4g~‘""'-26.4^-“""' A 
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Chapter 6, Problem 9. 

The current through a 0.5-F capacitor is 6(l-e'^)A. 

Determine the voltage and power at t=2 s. Assume v(0) = 0. 

Chapter 6, Solution 9. 

v(t)= ^_(6(l-e“^)dt + 0 = 12(t + e“‘j V = llCt + e'Vl^ 
v(2) = 12(2 + e^) - 12 = 13.624 V 
p = iv=[12(t + e'')-12]6(l-e'') 
p(2) = [12 (2 + e’^) - 12]6(l-e-^) = 70.66 W 
Chapter 6, Problem 10. 

The voltage across a 2-mF capacitor is shown in Fig. 6.47. Determine the current 
through the capacitor. 


m V 



Figure 6.47 


Chapter 6, Solution 10 

ì = C — = 2.ïl0 " — 
dt dt 


16í, 0<t<l//s 

16, l<t<3//s 

64-16t, 3<t<4//s 


dt 


16x10'’, 0<t<l//s 

< 0, 1 < t < 3 //s 

-16x10'’, 3<t<4//s 


i{t) = 


32 kA, 0</<l//s 
< 0, 1 < t < 3/tô 

-32kA, 3<t<4//s 
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Chapter 6, Problem 11. 

3. A 4-mF capacitor has the current waveform shown in Fig. 6.48. Assuming that 
v(0)=10V, sketch the voltage waveform v(t). 





Figure 6.48 For Prob. 6.11. 
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Chapter 6, Solutíon 11. 

1 V 1 

\/ = — í/c/í+v(0) = 10 +-^ 

CJ 4x10^ 


í 


Im 


= 10 

For 0<t <2, i(t)=15inA, V(t)= 10+ ‘^4x10'® 


I 

jl5d/= 10 + 3.76? 


v(2)= 10+7.5=17.5 
For 2 < t <4, i(t) = -10 mA 

v(4)=22.5-2.5x4 =12.5 

-j í 

For 4<t<6, i(t) = 0, v(t) =- jOûí? + i/(4) =12.5 

4 0 2 

For 6<t<8, i(t) =10 mA 

v(t) = ldt+ \/(6) =2.5(1-6)+ 12.5 = 2.5f-2.5 


Hence, 


v(t) = 


10 + 3.75tV, 
22.5-2.5tV, 
12.5V, 


2.5t-2.5V, 


0 < t < 2s 
2 < t < 4s 
4 < t < 6s 
6 < t < 8s 


which is shetched helow. 


v(t) 

20Î 



5 


0 2 4 6 8 


>t(s) 
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Chapter 6, Problem 12. 

A voltage of V appears across a parallel combination of a 100-mF capacitor 

and a 12-Q resistor. Calculate the power absorbed by the parallel combination. 


Chapter 6, Solution 12. 


fî 12 

4 = C^ = 100y10 °;<6(-2000)e ^°°°' =-1200e ^°°°' 


/■=4 + /^ = -1199.5e-"°°°' 

p = W= -7197e-^°°°' W 
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Chapter 6, Problem 13. 


Find the voltage across the capacitors in the circuit of Fig. 6.49 under dc 
conditions. 


10 íî 50 



Figure 6.49 

Chapter 6, Solution 13. 

Under dc conditions, the circuit becomes that shown below: 


i 



Ì2 = 0, ii = 60/(30+10+20) = lA 
vi = 30ii = 30V, V 2 = 60-20Ì1 = 40V 


Thus, vi = 30V, = 40V 
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Chapter 6, Problem 14. 

Series-connected 20-pF and 60-pF capacitors are placed in parallel with series- 
connected 30-pF and 70-pF capacitors. Determine the equivalent capacitance. 


Chapter 6, Solution 14. 

20 pF is in series with 60pF = 20*60/80=15 pF 
30-pF is in series with 70pF = 30x70/100=2IpF 
15pF is in parallel with 21pF = 15+21 = 36 pF 
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Chapter 6, Problem 15. 

Two capacitors (20 /^F and 30 /iF) are connected to a 100-V source. Find the energy 
stored in each capacitor if they are connected in: 

(a) parallel (b) series 

Chapter 6, Solution 15. 

In parallel, as in Fig. (a), 

Vi = V2= 100 




W 2 n= — Cv^ = —x20xl0 ^xlOO^ = 100 mJ 
2 2 

w^n= —x30xl0“^xl00^ = 150 mJ 
2 

(b) When they are connected in series as in Fig. (b): 
C 30 

V, =-^— V = —xl00 = 60, V2=40 

C^+C, 50 

W 2 n= — x30xl0“^x60^ =36 mJ 
2 

w^n= —x30xl0~^x40^ = 24 mJ 
2 
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Chapter 6, Problem 16. 

The equivalent capacitance at terminals a-b in the circuit in Fig. 6.50 is 30 //F. 
Calculate the value of C. 


cf Q- 








SOíiiF 


Figure 6.50 


Chapter 6, Solution 16 


C 




= 14 + 


Cx80 
C + 80 


= 30 


> C = 20 //F 
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Chapter 6, Problem 17. 

Determine the equivalent capacitance for each of the circuits in 
Fig. 6.51. 



3F = 



= 6 F 

- 1 - 



6 F 



1 


5 F = 


= 4F = 

0- 




(b) 

3F 6 F 
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Chapter 6, Solutíon 17. 


(a) 4F in series with 12F = 4 x 12/(16) = 3F 

3F in parallel with 6F and 3F = 3+6+3 = 12F 
4F in series with 12F = 3F 

Ì.e. Ceq = ^ 

(b) Ceq = 5 + [6x(4 + 2)/(6+4+2)] = 5 + (36/12) = 5 + 3 = ^ 


(c) 


3F in series with 6F = (3 x 6)/9 = 2F 


1 


111 , 

=-+-+-=1 

2 6 3 


Ceq=lF 
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Chapter 6, Problem 18. 

Find Ceq in the circuit of Fig. 6.52 if all capacitors are 4 pF 




C 


eq 


Figure 6.52 For Prob. 6.18. 


Chapter 6, Solution 18. 


4 pF in parallel with 4 pF = 8pF 

4 pF in series with 4 pF = 2 pF 

2 pF in parallel with 4 pF = 6 pF 

Hence, the circuit is reduced to that shown below. 


8pF 


6 fiF 


6 fjF 


-^eq 


- = - + - + - = 0.4583 -> C, =2.1818//F 

Ce, 6 6 8 ^ 
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Chapter 6, Problem 19. 


Find the equivalent capacitance between terminals a and b in the circuit of Fig. 
6.53. All capacitances are in ju¥. 





Figure 6.53 

Chapter 6, Solution 19. 

We combine 10-, 20-, and 30- jÂ F capacitors in parallel to get 60 ju F. The 60 - F 
capacitor in series with another 60- ju¥ capacitor gives 30 ju¥. 

30 + 50 = 80/^F, 80 + 40= 120 /yF 
The circuit is reduced to that shown below. 


12 120 



120- ju F capacitor in series with 80/y F gives (80x120)7200 = 48 
48+12 = 60 

60- ju F capacitor in series with 12 /y F gives (60x12)772 = 10/^ F 
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Chapter 6, Problem 20. 


Find the equivalent capacitance at terminals a-b of the circuit in Fig. 6.54. 

a 



2)aF -p2pF-p -p2pF 



b 


Figure 6.54 For Prob. 6.20. 




Chapter 6, Solutíon 20. 


Consider the circuit shown below. 



C, 




C3 


C, =1 + 1 = 2 //F 
C2 = 2 + 2 + 2 = 6//F 

C 3 =4x3 = 12//F 

1/Ceq = (1/Ci) + (I/C 2 ) + (I/C 3 ) = 0.5 + 0.16667 + 0.08333 = 0.75x10*^ 

Ceq = 1.3333 uF . 
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Chapter 6, Problem 21. 

Determine the equivalent capacitance at terminals a - b oí the circuit in Fig. 6.55. 


SmF 


1 

1 

1 

= 2nF 

1 

1 

1 

= 12fiF 


Figure 6.55 


Chapter 6, Solution 21. 

4|liF in series with 12pF = (4xl2)/16 = 3\i¥ 

3|liF in parallel with 3pF = 6pF 

6pF in series with 6pF = 3|uF 

3pF in parallel with 2pF = 5pF 

5pF in series with 5pF = 2.5pF 

Hence Ceq = 2.5 pF 
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Chapter 6, Problem 22. 

Obtain the equivalent capacitance of the circuit in Fig. 6.56. 



b 

Figure 6.56 

Chapter 6, Solution 22. 

Combining the capacitors in parallel, we obtain the equivalent circuit shown below: 

— 




Combining the capacitors in series gives 


C‘ , where 

cq ^ 


J___L J_ J__J_ 

C' ~ 60 20 30 ” 10 

eq 


> Cl^ = 10pF 


Thus 

Ceq = 10+40 = 50 pF 
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Chapter 6, Problem 23. 

For the circuit in Fig. 6.57, determine: 

(a) the voltage across each capacitor, 

(b) the energy stored in each capacitor. 



mF 

mf 


Chapter 6, Solution 23. 

(a) 3pF is in series with 6|aF 3x6/(9) = 2|jF 

V4„F= l/2x 120 = 60V 
V2nF = 60V 

V6^F= 7^(60) = 20V 
6 + 3 

V...F = 60 - 20 = 40V 

(b) Hencew= l/2Cv^ 

W 4 ^F = 1/2 X 4 X 10'^ X 3600 = 7.2mJ 
W 2 ^F = 1/2 X 2 X 10'^ X 3600 = 3.6mJ 
W6^F = 1/2 X 6 X 10“^ X 400 = 1.2mJ 
W 3 ^F = 1/2 X 3 X 10'^ X 1600 = 2.4mJ 
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Chapter 6, Problem 24. 

Repeat Prob. 6.23 for the circuit in Fig. 6.58. 


60 pF 20 mF 


90 V 



Figure 6.58 


Chapter 6, Solution 24. 


20pF is series with 80)aF = 20x80/(100) = 16|aF 

14|liF is parallel with 16pF = 30pF 

(a) V3 o^f=9 ^ 

VóOjiF ^ 30V 

Vi4^F = MY 

80 

V20^F= —— X60=4^ 

20 + 80 

V80)lif “ 60 - 48 = 12V 

(b) Since w = — Cv^ 

2 

w.n„F = 1/2 X 30 X 10 ^^ X 8100 = 121.5mJ 
W 60 hf = 1/2 X 60 X lO '" X 900 = 27mJ 
Wr4„F = 1/2 X 14 X X 3600 = 25.2mJ 
W 2 o^f = 1/2 X 20 X 10"'’ X (48)^ = 23.04mJ 

W 80 hf = 1/2 X 80 X 10“'’ X 144 = 5.76mJ 
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Chapter 6, Problem 25. 


(a) Show that the voltage-division mle for two capacitors in series as in Fig. 6.59(a) is 


V, =- 


c, 


c, + c, q+c, 

assuming that the initial conditions are zero. 


- II 

+ - 

+ 

'1 = 

= C 

5 = 

M , 


(a) 

Figure 6.59 


(b) 


(b) For two capacitors in parallel as in Fig. 6.59(b), show that the 
current-division mle is 




Cj +C2 




C-L + 


assuming that the initial conditions are zero. 
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Chapter 6, Solution 25. 


(a) Forthe capacitors in series, 


Qi = Q2 -► Civi = C2V2 


Ct C, + Ct 

Vs = Vi + V2 = — V, + V, =-^ V, 

Ci C^ 


Vj ^ c. 

V. C, 


-> V, = 


Ci Ct 


-V, 


Similarly, v^= 


C. 


C^+C. ' 


(b) For capacitors in parallel 


Qi Q. 

Vl = V2 = +- = —^ 

Cj Cj 


- _Q+C, 


Qs = Qi + Q 2 = -^Qj+Q^ = 


or 


Q 2 = 


C, 


C^ -l-Cj 


Q =—-Q 

C.+C, ^ 


/ = 


dt 


C, . . C, . 

1 ,, c=-^l. 


Ci + C 2 


C| +C2 
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Chapter 6, Problem 26. 


Three capacitors, C{ = 5 ju¥, C 2 = 10 ju¥, and C 3 = 20 ju¥, are connected in parallel across 
a 150-V source. Determine: 

(a) the total capacitance, 

(b) the charge on each capacitor, 

(c) the total energy stored in the parallel combination. 


Chapter 6, Solution 26. 

(a) Ceq = Ci + C2 + C3 = 35uF 

(b) Qi = Civ = 5 X ISOpC = 0.75mC 
Q 2 = C 2 V= 10 X 150uC = 1.5mC 
Q 3 = C 3 V = 20 X 150 = 3mC 

(cì w= —C ,v^ = —x35xl50^uJ =393.8mJ 
2 2 - 


Chapter 6, Problem 27. 

Given that four 4-pF capacitors can be connected in series and in parallel, find the 
minimum and maximum values that can be obtained by such series/parallel 
combinations. 


Chapter 6, Solution 27. 


If they are all connected in parallel, we get = 4x4juF= 1 6juF 
If they are all connected in series, we get 


_1_ 

Cj 


4juF 


-> Cr = ^juF 


All other combinations fall within these two extreme cases. Hence, 

=16//F 
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Chapter 6, Problem 28. 


Obtain the equivalent capacitance of the network shown in 
Fig. 6.58. 



50 


20 ìxF 
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Chapter 6, Solution 28. 

We may treat this like a resistive circuit and apply delta-wye transformation, except that 
R is replaced by 1/C. 



í-ì 

í-ì 

+( 

-ì 

í-ì 

+ ( 

1 ] 

í-ì 

UoJ 

'UoJ 

1 l 

joj 

uoj 

1 l 

, 30 , 

UoJ 


Ca _L 

30 

= A J_ J_-A 

4Ô TÔ 4Ô”ÎÔ 

Ca = 5|jF 

1 1 1 

1 400 300 1200 2 

Cb J_ 30 

10 

Cb= 15|iF 

1 1 1 

1 400 300 1200 4 

C, J_ 15 

40 

Cc = 3.75^F 

Cb in parallel with 50|iF = 50+ 15 = 65pF 
Cc in series with 20|aF = 23.75|aF 

65pF in series with 23.75uF = = 17.39uF 

88.75 

17.39pF in parallel with Ca = 17.39 + 5 = 22.39pF 
Hence Ceq = 22.39uF 
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Chapter 6, Problem 29. 

Determine Ceq for each circuit in Fig. 6.61. 


C 






(b) 


Figure 6.61 
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Chapter 6, Solutíon 29. 


(a) 


C in series with C = C/(2) 

C/2 in parallel with C = 3C/2 


— in series with C = 
2 



5 


C 

3 y in parallel with C = C + 



1.6 C 


(b) 



j___L 

c 


Ceq = iÇ 
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Chapter 6, Problem 30. 


Assuming that the capacitors are initially uncharged, tìnd 
Vo{t) in the circuit in Fig. 6.62. 



Figure 6.62 


Chapter 6, Solution 30. 

voA|idt+i(0) 

For0<t<l, i = 60tmA, 

v„ = , f60tdt + 0 = 10t'kV 

“ 3x10"'' ■!> 

Vo(l) = 10kV 

For 1< t < 2, i = 120 - 60t mA, 

7 ^ 1 ^ 120 -60t)dt + v„(l) 
3x10 

= [40t- 10t^]|í +10kV 

= 40t-10t^-20 
Ì0t"kV, 0<t<l 

v„(t)= 2 

40t-10t'-20kV, l<t<2 
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Chapter 6, Problem 31. 

If v(0)=0, find v(t), /i(/), and Uit) in the circuit in Fig. 6.63. 


/3 (mA) k 
20 



-20 


0 


2 



/ 



6 pF — 4 |,iF 


+ 

r 


Figure 6.63 
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Chapter 6, Solutíon 31. 

"20tmA, 
i,(t)= 20mA, 

-50 + 10t, 


0 <t<l 

l<t<3 

3<t<5 


Ceq = 4 + 6= lOpF 

V = I idt + v(0) 

ForO<t< 1, 

10'^ << 1 

V =-- r 20t dt + 0 = t^ kV 

lOxlO'" ^ 

For 1 < t < 3, 

V = ^ 120dt + v(l) = 2(t -1) + lkV 

= 2t-lkV 


For 3 < t < 5, 

10 ' 

V =- 

10 


|l0(t-5)dt + v(3) 


=-5t 


‘+5kV = ^—5t + 15.5kV 
^ 2 


v(t) = 


t^kV, 0<t<ls 

2t-lkV, l<t<3s 

t^ 

-5t + 15.5kV, 3<t<5s 

, 2 


i,=c.í!r=6xio-i!r 

‘ ‘ dt dt 

12tinA, 0<t<ls 

12mA, l<t<3s 

6t-30mA, 3<t<5s 


dv 


dv 


Ì 2 =C 2 —= 4xl0‘" — 
^ ^ dt dt 

8 tmA, 0 < t < Is 

8 mA, 1 < t < 3s 

4t - 20mA, 3 < t < 5s 
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Chapter 6, Problem 32. 


In the circuit in Fig. 6.64, let 1, = 30í?"^^mA and vi(0) = 50 V, V2(0) = 20 V. 
Determine: (a) vi(t) and V 2 (t), (b) the energy in each capacitor at í = 0.5 s. 


12 nF 



Figure 6.64 

Chapter 6, Solution 32. 

(a) Ceq = (12x60)772 = 10 ju¥ 

1^-3 t 

V, =-r Í30e^^*dt + v,(0) = -1250e“^* |‘,+50 = - 1250e“^‘+1300V 

12x10“^’ 0 -- 

jO-3 t 

vi =-r Í30e“^‘dt + vi(0) = 250e“^‘ L‘, + 20 = - 250e“^‘ + 270V 

^ 60x10“%^ " -- 

(b) At t=0.5s, 

Vi = -1250e"‘ +1300 = 840.2, v^ = -250e“‘ + 270 = 178.03 
=^xl2xl0 ^’x(840.15V = 4.235 J 

W 20 hF =^x20xl0“^ x(l78.03)^ = 0.3169 J 
W40nF =^x40xl0“^x(l 78.03)2 =063391 
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Chapter 6, Problem 33. 

Obtain the Thèvenin equivalent at the terminals, a-è, of the circuit shown in Fig. 
6.65. Please note that Thèvenin equivalent circuits do not generally exist for 
circuits involving capacitors and resistors. This is a special case where the 
Thèvenin equivalent circuit does exist. 



Chapter 6, Solution 33 

Because this is a totally capacitive circuit, we can combine all the capacitors using the 
property that capacitors in parallel can be combined by just adding their values and we 
combine capacitors in series by adding their reciprocals. However, for this circuit we 
only have the three capacitors in parallel. 

3F + 2F = 5F (we need this to be able to calculate the voltage) 

CtIi ^ Ceq = 5+5 = 10 F 

The voltage will divide equally across the two 5 F capacitors. Therefore, we get: 

Vxh = 7.5 V , Cxh = lOF 


Chapter 6, Problem 34. 

The current through a 10-mH inductor is A. Find the voltage and the power at t = 3 s. 


Chapter 6, Solution 34. 

i = 6e-"^ 


di 


v = L—= 10x10-^6)1 - 
= -SOe"''^ mV 


v(3) = -30e^^^mV = -6.694 mV 


p = vi = -180e"' mW 

p(3) = -1 SOe"^ mW = -8.962 mW 
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Chapter 6, Problem 35. 

An inductor has a linear change in current Irom 50 mA to 100 mA in 2 ms and induces 
a voltage of 160 mV. Calculate the value of the inductor. 


Chapter 6, Solution 35. 


v= L — 
dt 


V 160x10^ 

cy/ydí “ (ioo-50)xio-" 

2X10^ 


Chapter 6, Problem 36. 

The current through a 12-mH inductor is A, t > 0. Determine: (a) the 

voltage across the inductor, (b) the power being delivered to the inductor at t = 1 s, (c) 
the energy stored in the inductor at t = 1 s. 


Chapter 6, Solution 36. 


(a) v=/.—= 12Yl0-'(30e-"'-60íe-"') = (0.36-0.72í)e""' V 

dt - 

(b) p = W = (0.36-0.72x1)6-2^30x16-^ = 0.36x306-" = -0.1978 W 

(c) w = ^Li^ = 0.5xl2xl0-\30xlxe-V = 98.9 mJ . 

Chapter 6, Problem 37. 

The current through a 12-mH inductor is 4 sin 100/ A. Find 
the voltage, and also the energy stored in the inductor for 
0 < / < ;^/200 s. 

Chapter 6, Solution 37. 

V = L — = 12xl0-"x4(100)cosl00t 
dt 

= 4.8 cos lOOtV 

p = vi = 4.8 X 4 sin lOOt cos lOOt = 9.6 sin 200t 

ft 4 1/200 

w= l 9.6sin200t 

=-cos200tl, J 

200 I 

= -48(cos 71 - l)mJ = 96 mJ 

Please note that this problem could have also been done by using (Vz^Li^. 
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Chapter 6, Problem 38. 


The current through a 40-mH inductor is 



Find the voltage v(/). 

Chapter 6, Solution 38. 

V = L—= 40x10-'(e-'‘-2te-"‘)dt 
dt ^ ^ 

= 40(l-2t)e-''mV,t>0 


Chapter 6, Problem 39. 

The voltage across a 200-mH inductor is given by 
v(t) = 3t^ + 2t + 4Y for t > 0. 

Determine the current i(t) through the inductor. Assume that /(0) = 1 A. 

Chapter 6, Solution 39 

v=L^—>i=ij,;idt+i(o) 
dt L 

i =---1'(3t^ + 2t + 4)dt +1 

200x10“^ 

= 5(t^+t^+4t) * +1 
0 

i(t) = 5t ~ + 5t ~ + 2Qt + 1 A 


Chapter 6, Problem 40. 
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The current through a 5-niH inductor is shown in Fig. 6.66. Determine the voltage 
across the inductor at t=l ,3, and 5ms. 



Chapter 6, Solution 40. 


/ = 


5t, 

10 , 

30-5í, 


0 < í< 2ms 
2< t<4ms 
4< t<6ms 


0< t<2ms 
2<t<4ms 
4<t<6ms 

Att=lms, v=25 V 
Att=3ms, v=0 V 
Att=5ms, v=-25 V 


, di 5x10 ^ 

i/= L — =-^ 

dt 10'" 


5, 0<t<2ms 

0, 2< t<4ms = 

-5, 4<t<6ms 


25, 

0 , 

-25, 


Chapter 6, Problem 41. 
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The voltage across a 2-H inductor is 20(1 - e~^) V. If the initial current through the 
inductor is 0.3 A, tind the current and the energy stored in the inductor at / = 1 s. 


Chapter 6, Solution 41. 

= loít + -e"^Oî,+C = 10t + 5e"^‘ -4.7A 

V ^ J 

Note, we get C = -4.1 Irom the initial condition for i needing to be 0.3 A. 
We can check our results be solving for v = Ldi/dt. 

V = 2(10 - 10e“^^)V which is what we started with. 

Att = ls, i = 10 +5e'^-4.7= 10+ 0.6767-4.7 = 5.977 A 

w = -Li^= 35.72J 
2 - 




If the voltage waveform in Fig. 6.67 is applied across the terminals of a 5-H inductor, 
calculate the current through the inductor. Assume í(0) = -1 A. 


10 


Figure 6.67 


Chapter 6, Solution 42. 


i = ^ I vdt -h i(0) = “ I v(t)dt -1 
ForO<t<l, i = y |dt-l = 2t-l A 


For 1 <t<2, 
For 2 < t < 3, 

For 3 < t < 4, 
For4<t<5, 


i = 0 + i(l) = lA 

i= t Jl0dt + i(2) = 2t|f+l 

= 2t- 3 A 

i = 0 + i(3) = 3 A 

i= t|l0dt + i(4) = 2t|‘+3 
= 2t- 5 A 


Thus, i(t) 


2t-lA, 

0<t<l 

lA, 

l<t<2 

2t-3A, 

2<t<3 

3A, 

3<t<4 

2t-5, 

4<t<5 


Chapter 6, Problem 43. 
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The current in an 80-mH inductor increases from 0 to 60 mA. 
How much energy is stored in the inductor? 


Chapter 6, Solution 43. 

2 

w = LÍ* idt = tLi2(t)-ÌLi (- 00 ) 

J-Qo 2 2 

= ix80xl0"^x(60xl0"^f -0 

= 144 uJ 


*Chapter 6, Problem 44. 

A 100-mH inductor is connected in parallel with a 2-kQ resistor. The current through 
the inductor is {t) = 506“'^°°^ mA. (a) Find the voltage Vl across the inductor. (b) 
Find the voltage Vr across the resistor. (c) Is -i- vj^f) = 0 ? (d) Calculate the 
energy in the inductor at t=0. 


Chapter 6, Solution 44. 

(a) \/^ = /.^ = 100x10^^(-400)x50x10^^ = -2e V 

(b) Since R andL are in parallel, Vr=Vi- -2e~''°°' V 
(e)No 

(d) w = Ìlì^ = 0.5x100x10 ^0.051^ = 125 uJ . 


Chapter 6, Problem 45. 
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If the voltage wavefonn in Fig. 6.68 is applied to a 10-mH inductor, find the inductor 
current /(/). Assume f(0) = 0. 



Chapter 6, Solution 45. 
i(t)= ^|v(t) + i(0) 


For0<t< 1, v = 5t 

i =-!— fstdt + O 

lOxlO^ ^ 

= 0.25t^ kA 

For 1 < t < 2, V = -10 + 5t 


i =-3— f(-10 + 5t)dt + i(l) 

lOxlO-"* J 

= I (0.5t - l)dt + 0.25kA 
= 1 - 1 + 0.25t^ kA 


i(t) = 


0.25t^kA, 
l-t + 0.25t^kA, 


0 < t < Is 
1 < t < 2s 


Chapter 6, Problem 46. 
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Find vc, Ìl, and the energy stored in the capacitor and 
inductor in the circuit of Fig. 6.69 under dc conditions. 


2£1 



Chapter 6, Solution 46. 

Under dc conditions, the circuit is as shown below: 



By current division, 
4 


ir =- 


4 + 2 


(3) Ve = OV 


w.4lìÍ=ÌÌ|,2)".JJ 


w, vf =^(2)(v)= OJ 


Chapter 6, Problem 47. 
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For the circuit in Fig. 6.70, calculate the value of R that will make the energy stored in 
the capaeitor the same as that stored in the inductor under dc conditions. 

R 



Chapter 6, Solution 47. 

Under dc conditions, the circuit is equivalent to that shown below: 


1 



2 10 
1. =--(5) = 


L- > V =Ri, 

^ R + 2 R + 2 *' ^ 


=-Cv" =80 x10-'x-^^^5_ 
2 *' (R + 2)" 

1t-2 ^,„-3 100 

w, = —Li, =2x10 X- 

2 (R + 2)' 

If Wc = Wl, 


(R + 2)^ 


lOR 
R + 2 


2xl0~^xl00 
(R + 2)2 


>80x 10‘V = 2 


R = ^ 

Chapter 6, Problem 48. 
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Under steady-state de conditions, tind i and v in the circuit in Fig. 6.71. 



Chapter 6, Solution 48. 

Under steady-state, the inductor acts like a short-circuit, while the capacitor acts like 
an open circuit as shown below. 


i 



Using current division, 

30/c .. 

/ = -(5/77/4) : 

30/C+20/C 

v = 20ki =60V 


3 mA 


Chapter 6, Problem 49. 
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Find the equivalent induetance of the circuit in Fig. 6.72. Assume all inductors 
are 10 mH. 



Figure 6.72 For Prob. 6.49. 


Chapter 6, Solution 49. 

Converting the wye-subnetwork to its equivalent delta gives the circuit below. 



5mH 


30//0 = 0, 30//5 = 30x5/35=4.286 


4 , 


= 30//4.286 = 


30x4.286 

34.286 


= 3.75mH 
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Chapter 6, Problem 50. 


An energy-storage network eonsists of series-connected 16-mH and 14-mH inductors 
in parallel with a series connected 24-mH and 36-mH inductors. Calculate the 
equivalent inductance. 


Chapter 6, Solution 50. 

16niH in series with 14 mH = 16+14=30 mH 
24 mH in series with 36 mH = 24+36=60 mH 
30niH in parallel with 60 mH = 30x60/90 = 20 mH 


Chapter 6, Problem 51. 

Determine Leq at terminals a-b of the circuit in 
Fig. 6.73. 


10 mll 



Figure 6.73 

Chapter 6, Solution 51. 

J__j_ 

l” 60 "^20^30” 10 


L= lOmH 


L 


eq 



(25 + 10) 


10x35 

45 


= 7.778 mH 
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Chapter 6, Problem 52. 


Find Leq in the circuit of Fig. 6.74. 

lOH 

,_ ÍYY^. 


4H 

_ ÍYY^. 

Leq-► 

Figure 6.74 For Prob. 6.52. 

Chapter 6, Solution 52. 

5y15 

=5//(7 + 3 + 10//(4 + 6))--5//(7 + 3 + 5)) = -^ 

Chapter 6, Problem 53. 


5H 


3 H 


7H 

YYY^_ 


6H 

nrY\ 


3.75 H 


Find Leq at the terminals of the circuit in Fig. 6.75. 

6 mll 8 mll 



12 nill 


4 mll 


Figure 6.75 

Chapter 6, Solution 53. 

L,^ = 6 +10 + 8||[5||(8 +12) + 6||(8 + 4)] 

= 16 + 8||(4 + 4) = 16 + 4 

Leq = 20 mH 
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Chapter 6, Problem 54. 

Find the equivalent inductance looking into the terminals of 
the circuit in Fig. 6.76. 


9H 



Figure 6.76 


Chapter 6, Solution 54. 


=4 + (9 + 3)||(l0||0 + 6||l2) 


= 4 + 12(0 + 4) = 4 + 3 


Leq = 7H 
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Chapter 6, Problem 55. 

Find Leq in each of the circuits of Fig. 6.77. 


í 




Figure 6.77 

Chapter 6, Solution 55. 

(a) L//L = 0.5L, L + L = 2L 

L =L + 2L//0.51 = 1+ =1.4L=1.4L. 

2L + 0.5L - - 

(b) L//L = 0.5L, L//L + L//L = L 

Leq = L//L = 500 mL 
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Chapter 6, Problem 56. 

Find Leq in the circuit in Fig. 6.78. 


L 



Figure 6.78 

Chapter 6, Solution 56. 

IMI ^3 
L 

Hence the given circuit is equivalent to that shown below: 



L =L 

eq 


L + -L 
3 y 


Lx-L ^ 

-^ = ^L 

5 . 8 


L + -L 
3 
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Chapter 6, Problem 57. 


Determine the Leq that can be used to represent the inductive network of Fig. 6.79 at the 
temiinals. 



Figure 6.79 
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Chapter 6, Solutíon 57. 


Let V = L — 
dt 

(1) 

A ‘11 

V = V, + V, =4 — + V, 

' ' dt ' 

(2) 

Ì = il + Ì2 -► Ì2 = i - il 

(3) 

-dij dii V, 

V, =3—^or—í- = — 

dt dt 3 

(4) 

. di ,di, ^ 

-V, +2 — + 5—^ = 0 
dt dt 

T ‘ll . < “IL 

V, =2 — + 5—^ 
dt dt 

(5) 


Incorporating (3) and (4) into (5), 


^ di ^di ^di. ^ di 

V, =2 —+ 5-5—= 7-5 — 

dt dt dt dt 3 


V2|l + jl = V 


dt 


V2 


21 di 


8 dt 

Substituting this into (2) gives 


, di 21 di 

V = 4— H - 

dt 8 dt 


~ 8 dt 

Comparing this with (1), 

= — = 6.625 H 

eq g - 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pait 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher. or used beyond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual course prepaiation. If you are a student using this Manuah 
vou are using it without permission. 



Chapter 6, Problem 58. 


The current waveform in Fig. 6.80 flows through a 3-H inductor. 
Sketch the voltage across the inductor over the interval 
0 < / < 6 s. 



Figure 6.80 

Chapter 6, Solution 58. 


v = L — = 3 — = 3x slope of i(t). 
dt dt 

Thus V is sketched below: 
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Chapter 6, Problem 59. 


(a) For two inductors in series as in Fig. 6.8l(a), show that the current-division principle 
is 


Vi = — — —v^, 

L,+L, 


V. =■ 


L, + L^ 


assuming that the initial conditions are zero. 


(b) For two inductors in parallel as in Fig. 6.8 l(b), show that the 
current-division principle is 


h 


L, + L^ 


L, + L^ 


assuming that the initial conditions are zero. 


/-1 



(a) 


Figure 6.81 



íh» 
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Chapter 6, Solution 59. 


(a) v,=(L.h-L,)^ 
dt 


di _ 

dt L^ + Lj 


Vi 

Vi 



Li + L^ 


= L 

S. V 


di 
" dt 

L 2 

^ L^+L, 




(b) 


V =v =L ^ = L ^ 

‘ ‘ dt " 


i., =il +Ì2 
di.s _ dii , di, 
dt dt dt 


dt 


V V (L, + L,) 

-+- = Y— - — 


L,L, 


1 (• , 1 f L.L, di 

1 , =— |vdt = — í—L^-^dt = 

‘ L, J t Jt 4-T dt 


L, 


^ L|^ + L-, dt L| + Lt 


1 f , 1 f L.L^ di. , L, 

1 . =— vdt = — —-^dt= -^— 

Lt ^ L^ L| + L^ dt L^ +Lt 
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Chapter 6, Problem 60. 


In the circuit of Fig. 6.82, io(0) = 2 A. Determine io(t) and Vo(t) for t>0. 





Figure 6.82 


Chapter 6, Solution 60 


4,=3//5 = y 
Jí 8 Jr ’ - 


= — 


T t .1 

- |vo (t)clt -t (0) = 2 -I- - j(-15)e“^'clt = 2 + 1.5e“^' 


0.5 + 1.5e“^' A 
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Chapter 6, Problem 61. 


Consider the circuit in Fig. 6.83. Find: (a) Lgq, i](t) and LCt) if 4 = 3e ^ mA, (b) 
Vo(t), (e) energy stored in the 20-inH induetor at t=ls. 



Chapter 6, Solution 61. 


Ì2 


4inH 


6mH 


(a) L., = 20//(4+ 6) = 20X10/30 = 6.667 mH 

Using eurrent division, 


í(í) =-/.. = e m A 

^ 10 + 20 " - 


ì^{t) = 2e~' mA 


(b) '/q = 4. -^ = y ^ 0-^(-3e-'x10-^) = -20e-' //V 


(e) w = -L^ = — .)í20x10 ^xe ^xlO ® =1.3534 nJ 
2 ' 2 - 
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Chapter 6, Problem 62. 

Consider the circuit in Fig. 6.84. Given that v(t) = mV for t > 0 and 
/i(0) = -10 mA, find: (a) hiO), (b) /i(/) and hO). 


2 ^ rïTH 



Figure 6.84 


Chapter 6, Solution 62. 

= 40 mH 

10“^ ^ 

+ /(0) =-- \lle-^^dt + i{0) = -0.l{e-^'-l) + i{0) 

40x10-^ J 

Using current division and the fact that all the currents were zero when the eircuit was put 
together, we get, 

. 1 . 
i. = —i 

' 4 

-> 0.75í(0) = -0.01 -> 1(0) = -0.01333 

+ 0.08667) A= -25e‘'‘+21.67 mA 
1, (0) = -25 + 21.67 = -3.33mA 

(b) 1, =^(-0.1f~^^ + 0.08667) A= -75e'^‘ +65mA 
4= -25e'^‘ +21.67 mA 


. 60 . 3 . 

‘80 4 

1 ,( 0 ) = ^ 1 ( 0 ) 

1, =h-o.k-^' 


(a) L =25 + 20/160 = 25 + ^^^ 
" 80 

v = L,„| ^ í + Jv(,V, 
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Chapter 6, Problem 63. 


In the circuit in Fig. 6.85, sketch v^. 


(|) 



2H0Í3ý> 



íjín (A) j 

1 



íí ? ÔfÇîS 


0 2 4 6 mì 


Figure 6.85 
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Chapter 6, Solution 63. 


We apply superposition prineiple and let 

= v, + V. 

O L Z 


where Vi and are due to ii and i^ respectively. 


di, 

di, { 2, 

0< í < 3 

v,=L^ 

= 2— = ^ 


dt 

dt [-2, 

3<t <6 


[4, 

0<t<2 

. di-. 

, di^ 


V, =L^ 

= 2^ = \ 0, 

2<t<4 

dt 

dt 



-4, 

4<t<6 


Vl 


t 


Adding vi and V2 gives Vo, which is shown below. 




Vo(i)V 
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Chapter 6, Problem 64. 

The switch in Fig. 6.86 has been in position A for a long time. At í = 0, the switeh 
moves from position A to B. The switch is a make-before-break type so that there 
is no interruption in the inductor current. Find: 

(a) i(t) for t > 0, 

(b) V jiist after the switch has been moved to position B, 

(c) v(/) long after the switch is in position B. 



Chapter 6, Solution 64. 


(a) When the switch is in position A, 
i= -6 = i(0) 

When the switch is in position B, 
z'(oo) = 12/4 = 3, r = L//? = l/8 

/(/) = í(oo) + [i(0) - î(oo)]e-"' = 3-9e-’^' A 

(b) -12 + 4i(0) + v=0, i.e. v=12 - 4i(0) = MV 

(c) At steady state, the inductor becomes a short circuit so that 
v-QV 
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Chapter 6, Problem 65. 


The inductors in Fig. 6.87 are initially charged and are connected to the black box 
at í = 0. If í,(0) = 4 A, /2(0) = -2 A, and v(í) = 50é;'^”“'mV, 1 > 0$, find: 

(a) .the energy initially stored in each induetor, 

(b) .the total energy delivered to the black box írom / = 0 to t = oo, 

(c) . ii(t) and hiî), t > 0, 

(d) .ì(t), t>0. 


Htí 



Figure 6.87 


Chapter 6, Solution 65. 


(a) 

(b) 

(c) 


w, = ÌLjif = tx5x(4)'‘ = 40 J 
= 2 ‘ ' 2 - 

w,„=t(20)(-2)^ = ^ 

W = W5 + W20 = 80 J 
J 

L] 


il=:^j^-50e--""'dt + ii(0) = 


-i-ì 

5U00j^ 


50e-^““‘xl0-^ 


+ 4 


= SxlO^te —- 1) + 4 A 


io =— [‘-^Oe-^^^^Ut + io^O)^ 
^ Lj ■’o 

= 1.25x10^ te ^-lì-2 -A 


-í-l 

201 200 b 


I50e-^°°‘xl0-^ 


-2 


(d) i = i, + i. = 6.25x10^ te ^- 11 + 2 A 
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Chapter 6, Problem 66. 

The current i(t) through a 20-mH inductor is equal, in magnitude, to the voltage 
across it for all values of time. If i(0) =2 A, find i(t). 

Chapter 6, Solution 66. 


If v=i, then 



. , di 

/= L — -> 

dt 

dt 

' di 

L 

i 

Integrating this gives 



t 


í • T 
1 

- = ln(i)-ln(Co) 

= ln 

L 



i(0)=2 = Co 




i(t) = 

Chapter 6, Problem 67. 

An op amp integrator has R= 50 kQ and C = 0.04 ju¥. If the input voltage is Vi = 10 sin 
50/ mV, obtain the output voltage. 

Chapter 6, Solution 67. 

v„ = —— ívidt, RC = 50 X lO^ X 0.04 x lO^^ = 2 x 10“^ 

“ RC J 

— 1 O^ 

v^^ =- Íl0sin50tdt 

o 2 j 

Vo = 100 cos 50t mV 
Chapter 6, Problem 68. 

A 10-V dc voltage is applied to an integrator with R = 50 kQ, C = 100 ju¥ SLÌt = 0. How 
long will it take for the op amp to saturate if the saturation voltages are +12 V and -12 V? 
Assume that the initial capacitor voltage was zero. 

Chapter 6, Solution 68. 

v„ =—— [vidt + v(0),RC = 50x lO^x lOOx 

o j 

Vo= -- fl0dt + 0 = -2t 
5 ^ 

The op amp will saturate at Vq = +12 
-12 = -2t -► t = 6s 
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Chapter 6, Problem 69. 


An op amp integrator with R = A MQ and C = 1 //F has the input waveform 
shown in Fig. 6.88. Plot the output waveform. 


i'i (niV) k 

20 ■ 

10 - 


fl 


-10 


-20 


1 2 


4 5 


-> 

/(ms) 


Figure 6.88 
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Chapter 6, Solution 69. 

RC = 4x lO'^x 1 X 10''^ = 4 

V„ =-Î— ÍV;dt = ÍV;dt 

RC J 4 J ' 

For 0 < t < 1, Vi = 20, V = -- f 20dt =-5t mV 

4 ■’> 

For 1 <t<2,Vi= 10, v„ =-i|l0dt + v(l) = -2.5(t-l)-5 

= -2.5t-2.5mV 

For2<t<4,Vi = -20, v„ =|20dt + v(2) = 5(t-2)-7.5 

= 5t- 17.5mV 

For 4 < t < 5m, Vi = -10, v„ = ^ |l0dt +v(4) = 2.5(t-4) + 2.5 

= 2.5t - 7.5 mV 

For5<t<6,Vi = 20, v„ =-^ |20dt + v(5) =-5(t-5)+ 5 
= - 5t + 30 mV 

Thus Vo(t) is as shown below: 
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Chapter 6, Problem 70. 


Using a single op amp, a capacitor, and resistors of 100 kD or less, design a circuit to 
implement 

Assume = 0 at / = 0. 

Chapter 6, Solution 70. 

One possibility is as follows: 


Let R = 100 kfi, C =-i^ = 0.2 liF 

50x100x10' 

Chapter 6, Problem 71. 

Show how you would use a single op amp to generate 
Vq = -| (v^ + 4^2 + IOV 3 ) 

If the integrating capacitor is C = 2 /^F, obtain other component values. 

Chapter 6, Solution 71. 

By combining a summer with an integrator, we have the circuit below: 

] 



V,, =-^ ÍV|dt-— ív.dt-— fv.dt 

R^C J R^C J R^C •' 

For the given problem, C = 2 )liF , 

RiC = l -► Ri = 1/(C)= 10V(2) = M0kO 

R 2 C = 1/(4)-► R 2 = 1/(4C) = 500kQ/(4) = 125 kfì 

R 3 C = 1/(10) -► R 3 = 1/(100 = 50 kfì 



Chapter 6, Problem 72. 

At ? = 1.5 ms, calculate Vo due to the cascaded integrators in Fig. 6.89. Assume 
that the integrators are reset to 0 V at t = 0. 


O.SiiK 



Figure 6.89 


Chapter 6, Solution 72. 

The output of the first op amp is 


— fvi dt =- -r f 

RC ■' 10x10^x2x10“^ ^ 2 


= -50t 




1 


20x10^x0.5x10" 


f(-50t)dt 


= 2500t^ 


Att = 1.5ms, 

v„ = 2500(1.5)'xlO"" = 5.625 mV 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pait 
of this Manual may be displayed. reproduced or distiibuted in any foim or by any means. without the prior 

wrìtten peimission of the publisher. or used beyond the limited distríbution to teachers and educators 

peimitted bv McGraw-Hill for their individual coiu'se prepai-ation. If you ai'e a student using this Manual, 

vou ai'e using it without peimission. 



























Chapter 6, Problem 73. 


Show that the circuit in Fig. 6.90 is a noninverting integrator. 


R 



Figure 6.90 
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Chapter 6, Solutíon 73. 


Consider the op amp as shown below: 

Let Va = Vh = V 

0— V V—V 

At node a,-=-^ -► 2v - Vo = 0 (1) 

R R 


] 



V —V V — V dv 

Atnodeb, ^-=-^ + C — 

R R dt 

dv 

=2v-v +RC — 

' “ dt 


Combining (1) and (2), 


RC dv„ 
2 dt 


or 


v„ = - 


RC 


jvidt 


( 2 ) 


showing that the drcuit is a noninverting integrator. 
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Chapter 6, Problem 74. 


The triangular waveform in Fig. 6.9 l(a) is applied to the input of the op amp 
differentiator in Fig. 6.9l(b). Plot the output. 



ía) 

20 kQ 



(b) 


Figure 6.91 
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Chapter 6, Solution 74. 


RC = 0.01 X 20x10'^ sec 


V 


o 


V 


o 


u. V ■ tl V 

= -RC—!- = -0.2 —msec 
dt dt 

“-2V, 0<t<l 

= 2V, 1 < t < 3 

-2V, 3<t<4 


Thus Vo(t) is as sketched below: 
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Chapter 6, Problem 75. 


An op amp differentiator has R= 250 kD and C = 10 ju¥, 

The input voltage is a ramp r(t) = 121 mV. Find the output voltage. 

Chapter 6, Solution 75. 

V,, =-RC —, RC = 250x10^x10x10 '’=2.5 
" dt 

V . =-2.5 — 1120= -30 mV 
“ dt - 


Chapter 6, Problem 76. 

A voltage waveform has the following eharacteristics: a positive slope of 20 V/s for 5 ms 
followed by a negative slope of 10 V/s for 10 ms. If the waveform is applied to a 
differentiator with R = 50 kí2, C = 10 //F, sketch the output voltage waveform. 


Chapter 6, Solution 76. 

v„ = -RC^, RC = 50 X lO^ X 10 X 10 *^ = 0.5 
“ dt 


V 


O 



- 10 , 

5 , 


0 < t < 5 
5< t<15 


The input is sketched in Fig. (a), while the output is sketched in Fig. (b). 
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Chapter 6, Problem 77. 


The output V,, of the op amp circuit of Fig. 6.92(a) is shown in Fig. 6.92(b). Let 
Ri = R{= l MQ and C = 1 ju¥. Determine the input voltage waveform and sketeh 
it. 



(a) 



(b) 


Figure 6.92 
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Chapter 6, Solutíon 77. 

Ì = ÌR + ÌC 




R 


R. 


dt 


RpC = 10'’xl0" =1 


f 


Hence v- = - 


V., +- 


V 


dv 

o 

dt 


Thus Vi is obtained from Vo as shown below: 
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Chapter 6, Problem 78. 


Design an analog computer to simulate 

fíX + 2*Ì + v.=10sin2( 

dt^ dt 

where Vfl(O) = 2 and v ^(0) = 0. 

Chapter 6, Solution 78. 


d^v 2dv 

-^ = 10sin2t-^ 

dt dt 


Thus, by combining integrators with a summer, we obtain the appropriate analog 
computer as shown below: 
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Chapter 6, Problem 79. 


Design an analog computer circuit to solve the following ordinary differential 
equation. 

dt 

where y(0) = 1 V. 


Chapter 6, Solution 79. 

We can write the equation as 

^ = f{t)-^y{t) 

dt 


which is implemented by the circuit below. 
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Chapter 6, Problem 80. 

Figure 6.93 presents an analog eomputer designed to solve a differential equation. 
Assuming/(t) is known, set up the equation for/(t). 



Figure 6.93 


Chapter 6, Solution 80. 


From the given circuit, 

1000kfì 1000kfì dv, 

dt^ ~ 5000kfì''“ 200kQ dt 


or 




+ 2v„=f(t) 
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Chapter 6, Problem 81. 


Design an analog computer to simulate the following equation: 


d^v 

dt^ 


+ 5v = -2/(í) 


Chapter 6, Solution 81 


We can write the equation as 
d^v , X 

— = -5v - 2/ (?) 
dt 


which is implemented by the circuit below. 
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Chapter 6, Problem 82. 


Design an an op amp circuit such that: 

Vy = lOv^ +2^v^dt 

where v^ and vo are the input voltage and output voltage respectively. 


Chapter 6, Solution 82 

The circuit consists of a summer, an inverter, and an integrator. Such circuit is shown 
below. 
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Chapter 6, Problem 83. 


Your laboratory has available a large number of 10-/^F capacitors rated at 300 V. To 
design a capacitor bank of 40-//F rated at 600 V, how many 10-//F capacitors are needed 
and how would you connect them? 


Chapter 6, Solution 83. 

Since two lOjuF capacitors in serìes gives 5/j,F, rated at 600V, it requires 8 groups in 
parallel with each group consisting of two capacitors in series, as shown beìow: 



Answer: 8 groups in parallel with each group made up of 2 capacitors in series. 


Chapter 6, Problem 84. 

An 8-mH inductor is used in a fusion power experiment. If the current through the 
inductor is = 5 sin^ mA, t >0, find the power being delivered to the inductor 
and the energy stored in it at t=0.5s. 


Chapter 6, Solution 84. 

V = L(di/dt) = 8xl0“^x5x27isin(7rt)cos(7rt)10“^ = 407rsin(2;it) pV 
p = vi = ^OTrsin^^Trt^^sin^^Trt^lO^*^ W, at t=0 p = 0W 

w = ^Lf = ^x8>)c10“^>)([5sin^(;?r/ 2)x10“^f =4x25x10“^ = 100 nJ 
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Chapter 6, Problem 85. 


A square-wave generator produces the voltage wavefonn shown in Fig. 6.94(a). 
What kind of a circuit component is needed to convert the voltage waveform to 
the triangular current waveform shown in Fig. 6.94(b)? Calculate the value of the 
component, assuming that it is initially uncharged. 




(b) 

Figure 6.94 
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Chapter 6, Solution 85. 


It is evident that differentiating i will give a wavefomi similar to v. Hence, 
T di 

V = L — 
dt 


1 = 


4t,0 < t < Ims 
8 - 4t,l < t < 2ms 


V 



4000L,0 < t < Ims 
- 4000L,1 < t < 2ms 


But, 


V = 


5V,0 < t < Ims 
- 5V,1 < t < 2ms 


Thus, 4000L == 5 -^ L = 1.25 mH in a 1.25 mH inductor 


Chapter 6, Problem 86. 

An electric motor can be modeled as a series combination of a 12-Q resistor and 200- 
mH inductor. If a current i(t) = 2te~^^^A flows through the series combination, tmd 
the voltage across the combination. 


Chapter 6, Solution 86. 

v=Vf,+ v^ = Ri+ L— = 12x2?e~^°' + 200x10~^= (0.4-200e~^°' V 
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Chapter 7, Problem 1. 


In the circuit shown in Fig. 7.81 

v{t)=56e-^^^'Y, t>0 
i{t) = ^e-^^^^mA, t>0 

(a) Find the values ofR and C. 

(b) Calculate the time constant t . 

(c) Deteimine the time required for the voltage to decay half its initial value at 
t = 0. 



Figure 7.81 

For Prob. 7.1 


Chapter 7, Solution 1. 


(a) x=RC= 1/200 

Fortheresistor, V=iR= 566'^°“' = 8Fìe“^°“'xlO'® 


C = 


1 


1 


200/? 200X7VI O^ 


= 0.7143//F 


R= — = 7kD. 

8 - 


(b) 

(c) 


r =1/200= 5 ms 

If value of the voltage at = 0 is 56 . 


1 


x56 = 56e 


- 200 / 


-> = 2 


200L =ln2 


200 


-In2 = 3.466 ms 
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Chapter 7, Problem 2. 


Find the time constant for the RC circuit in Fig. 7.82. 


120 0 12 0 



Figure 7.82 
For Prob. 7.2. 

Chapter 7, Solution 2. 

^ = R.„c 

where R is the Thevenin equivalent at the capacitor teiminals. 

R,, = 120 II 80+ 12 = 60 Q 
X = 60x0.5x10'^ = 30 ms 

Chapter 7, Problem 3. 


Deteimine the time constant for the circuit in Fig. 7.83. 


10 kO 20 kO 



Figure 7.83 
For Prob. 7.3. 

Chapter 7, Solution 3. 

R=10 +20/7(20+30) =10 + 40x50/(40 + 50)=32.22 kQ 

T = fìC = 32.2200X10 = 3.222 //S 
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Chapter 7, Problem 4. 


The switch in Fig. 7.84 moves instantaneously fì'om A to 5 at t = 0. Find v for t> 0. 





Figure 7.84 

For Prob. 7.4. 

Chapter 7, Solution 4. 

For t<0, v(0“)=40 V. 

For t >0. we have a source-free RC circuit. 


r= RC = 2X10^X10X10 ® =0.02 


v(t)=me-’'^ = 40e-^°’ V 
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Chapter 7, Problem 5. 


For the circuit shown in Fig. 7.85, find i(t), t>0. 


t = 0 



Figure 7.85 

For Prob. 7.5. 


Chapter 7, Solution 5. 


Let V be the voltage across the capacitor. 
For t <0, 


v(0-) = ^(24) = 16V 
2 + 4 

For t >0, we have a source-fiee RC circuit as shown below. 


+ 

V 



4Q 


T = RC = {4 + 5)- = 3s 
3 

v(f)= ' 40 )e =16e-"" 

<í) = -C—= --(-hl6e "" = 1.778eA 
dt 3 3 
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Chapter 7, Problem 6. 


The switch in Fig. 7.86 has been closed for a long time, and it opens at t = 0. Find v(î) for 
t > 0. 


î=0 



Figure 7.86 
For Prob. 7.6. 


Chapter 7, Solution 6. 


Vo = v(0) = ^—(24) = 4V 
° 10 + 2 

v(t) = T = RC = 40x10^^x2x10^ = — 

" 25 

v(t) = 
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Chapter 7, Problem 7. 


Assuming that the switch in Fig. 7.87 has been in position A for a long time and is moved 
to position B Sitt =0, find v ^ (/) for t > 0. 


Ì2V 



Figure 7.87 
For Prob. 7.7. 


Chapter 7, Solution 7. 


When the switch is at position A, the circuit reaches steady state. By voltage 
division, 


vM = 


40 


-{^2V) = %V 


40 + 20 

When the switeh is at position B, the circuit reaehes steady state. By voltage 
division. 




30 


30 + 20 


{^2V) = 1.2V 


pn yqn 

FL, = 20kll 30k= = 1 2kn 

* 50 

r = = 12x1 O^ x2yl O^ = 24s 

'/o(f)= ''o(“)+['^o(0)-'/c(“)]e=7.2 + (8-7.2)e= 7.2 + 0.8e~'^"^ V 
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Chapter 7, Problem 8. 


For the circuit in Fig. 7.88, if 
V = V and i = 0.2e-4tA,t>0 


(a) Find R and C. 

(b) Detennine the time constant. 

(c) Calculate the initial energy in the eapacitor. 

(d) -Obtain the time it takes to dissipate 50 pereent of the initial energy. 



Figure 7.88 
For Prob. 7.8. 

Chapter 7, Solution 8. 

1 

(a) T = RC = - 

dv 

-i = C— 
dt 

- 0.2 e-"‘ = C (10)(-4) e"*' -> C = 5 mF 

R = ^=50í2 

4C - 

(b) T = RC = ^ = 0.25 s 

1,1 

(e) Wc(0) = -CV„" =-(5xl0-")(100) = 250mJ 

(d) = ^ X ^CV„^ = ^CV„^ (l - ) 

O.^^l-e'"» -> e'“"=- 

2 

or e'“" = 2 

1 

t(, = -ln(2) = 86.6 ms 

8 - 
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Chapter 7, Problem 9. 


The switch in Fig. 7.89 opens at í = 0. Find Vq for t > 0 

2 kíl t = 0 



Figure 7.89 

For Prob. 7.9. 


Chapter 7, Solution 9. 

For t < 0, the switch is closed so that 

'^o(0) = ;^(6) = 4V 

2 + 4 

For t >0, we have a source-free RC circuit. 
T = RC = 3X\0^X4X\0^ =\2s 


vM)=vJ0)e-’'^ = 46-"'^ V 
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Chapter 7, Problem 10. 


For the circuit in Fig. 7.90, find v^(t) for t > 0. DeteiTnine the time necessaiy for the 
capacitor voltage to decay to one-third of its value at t = 0. 



36V(J) 


Figure 7.90 

For Prob. 7.10. 

Chapter 7, Solution 10. 

Fort<0, v(0~) = ^— (36\/) = 9 V 

3 "H 9 

For t>0, we have a souree-fiee RC circuit 

r = fiC = 3X1 0® x20x10'® = 0.06s 


Vo(t) = V 



to = ln(3)/l 6.667 = 65.92 ms . 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou aie using it without permission. 

















Chapter 7, Problem 11. 

For the circuit in Fig. 7.91, find for / > 0. 


r = 0 



Figure 7.91 
ForProb. 7.11. 

Chapter 7, Solution 11. 


For t<0, wc havc thc circuit shown bclow. 

3 Q 4H 



3//4= 4x3/7=1.7143 
4 ( 0 -): 


(8) = 1.4118A 


1.7143 + 8 

For t >0, wc havc a sourcc-frcc RL circuit. 
L 4 


r = — = 

R 


4 + 8 


:l/3 


4(f) = 4(0)e-^^ ^ = 1.4118e-^^ A 
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Chapter 7, Problem 12. 


The switch in the circuit of Fig. 7.92 has been closed for a long time. At t = 0 the switch 
is opened. Calculate i(t) for r > 0. 


í = 0 


3Q 



Figure 7.92 

ForProb. 7.12. 


Chapter 7, Solution 12. 


When t < 0, the switch is closed and the inductor acts like a shoil circuit to dc. The 4 Q 
resistor is shoit-circuited so that the resulting circuit is as shown in Fig. (a). 


3Q 



i(O-) 



(b) 


i(0-)-y = 4A 

Since the cuirent through an inductor cannot change abmptly, 
i(0) = i(0-) = i(0") = 4A 


When t > 0, the voltage source is cut off and we have the RL circuit in Fig. (b). 


T 


L 

R 



Hence, 

i(t) = i(0)e-‘/' =4e-'‘ A 
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Chapter 7, Problem 13. 


In the drcuit of Fig. 7.93, 

V, t>0 

= mA, t>0 

(a) Find R, L, and t . 

(b) Calculate the energy dissipated in the resistance for 0 < t < 0.5 ms. 



Figure 7.93 
ForProb. 7.13. 


Chapter 7, Solution 13. 


v= iR ->20e-'“°' = Rx4e-^°°°'x\0-^ 

From this, R = 20/4 kf2= 5 kfì 


But T = — = % , 

R /10" 


■> 


5x1000 

1000 




(b) The energy dissipated in the resistor is 


f / 

w= jpdt= jsOxlO "e 

0 0 


80x10 " g_ 2 xio^ / 
2x10" 


0.5x10 " 
0 


= 40(1-e^)//J= 25.28//J 
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Chapter 7, Problem 14. 

Calculate the time constant of the circuit in Fig. 7.94. 


20 kn 10 kQ 



30 kQ 


Figure 7.94 
For Prob. 7.14. 

Chapter 7, Solution 14. 

fi;, = (40 + 20)//(10 + 30) = = 24 AQ 

T = U R= = 0.2083//S 

24à10^ - — 

Chapter 7, Problem 15. 

Find the time constant for each of the circuits in Fig. 7.95. 


lOO 




Figure 7.95 
ForProb. 7.15. 

Chapter 7, Solution 15 

(a) =12 + 10//40 = 20fí, t^ — = 5/20 = 0.25s 

(b) 40//160 + 8 = 40D, —= (20.d0'^)/40^ 0.5ms 
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Chapter 7, Problem 16. 


DeteiTtiine the time constant for each of the circuits in Fig. 7.96. 



(a) (b) 


Figure 7.96 
For Prob. 7.16. 


Chapter 7, Solution 16. 


T = ■ 


R. 


(a) 


= L and + 


R^Rg R^ (R| + R3) + Rj^R^ 


Ri +R 3 


Ri +R 3 


T = 


L(R,+R3) 


+R3) + RjR3 


(b) wh«re L, = 


X = 


and R = R3 + ~ ^ 

2 ^ R,+R2 

LiL^^R, +R;) _ 

(L,+L,)(R3(R,+R,) + R,R,) 


R^^Rj + R2) + RjR2 
R, +R 2 
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Chapter 7, Problem 17. 


Consider the circuit of Fig. 7.97. Find Vo(r) if /(0) = 2 A and v(t) = 0. 


I n 



Figure 7.97 
ForProb. 7.17. 


Chapter 7, Solution 17. 


i(t) = i(0)e-‘/\ 


i(t) = 2e-‘'^‘ 


L 1/4 1 

R., “ 4 “ 16 


v„(t) 


di 

3i + L—= 
dt 


6e-i<'‘+(l/4)(-16)2e-'''‘ 


v„(t)=-2e-^^' u(t)V 
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Chapter 7, Problem 18. 


For the circuit in Fig. 7.98, detennine (t) when /(0) = 1 A and v(t) = 0. 


20 



Figure 7.98 
For Prob. 7.18. 

Chapter 7, Solution 18. 

If v(t) = 0, the circuit can be redrawn as shown below. 



R 


eq 



X 


L_2 5_l 

R “ “ 3 


i(t) = i(0)e-‘/' =e" 

di - 2 ,, ,, 

v„(t) = -L- = y(-3)e-^‘ = 1.2e-^‘ V 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou aie using it without permission. 






















Chapter 7, Problem 19. 


In the circuit of Fig. 7.99, find i(t) for t > 0 if i(0) =2 A. 


\ 6H 



Figure 7.99 
For Prob. 7.19. 

Chapter 7, Solution 19. 


IV 



To find R,|, we replace the induetor by a 1-V voltage source as shown above. 

lOi, -1 + 40Ì2 =0 
But i = i^ + i/2 and i = i, 
i.e. ii= 2 Ì 2 =i 

1 

10i-l + 20i = 0 -> i = — 

T = 

i(t) 


= 7 = 30Q 

1 

L 6 

= —= 0.2s 


Rh 


30 

2e'^‘u(t) A 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou aie using it without permission. 






















Chapter 7, Problem 20. 


For the circuit in Fig. 7.100, 
v=l20e "''' V 
and 

z = 30éí ""^A, t>0 

(a) FindL andT?. 

(b) Determine the time constant. 

(c) Calculate the initial energy in the inductor. 

(d) What fraction of the initial energy is dissipated in 10 ms? 



Figure 7.100 

For Prob. 7.20. 

Chapter 7, Solution 20. 

(a) x = | = ^ ^ R = 50L 
di 

-v = L — 
dt 

-120e‘^‘’* =L(30)(-50)e'^“‘ -> L = 80 mH 

R = 50L = 4 fì 

(c) w = ■(lì^(O) = Lo.08)(30)- = 361 

The value of the energy remaining at 10 ms is given by: 

Wio = 0.04(30e-°y = 0.04(18.196)^ = 13.24J. 

So, the fì'action of the energy dissipated in the fìrst 10 ms is given by: 
(36-13.24)/36 = 0.6322 or 63.2% . 
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Chapter 7, Problem 21. 


In the drcuit ofFig. 7.101, find the value of R sQd for which the steady-state energy 
stored in the inductor will be 1 J. 


40 D R 



Figure 7.101 

ForProb. 7.21. 

Chapter 7, Solution 21. 

The circuit can be replaced by its Thevenin equivalent shown below. 


Ri 


th 



2H 


= „^"',^ (60) = 40 V 
* 80 + 40 

80 

R„, =40||80 + R = y + R 


I=i(0) = iH = 


Vh, 


40 


1 , 1 40 




= 1 


40 


1 


R + 80/3 
R = 13.333 0 


^ R 


40 
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Chapter 7, Problem 22. 


Find i(t) and v(/) for r > 0 in the circuit of Fig. 7.102 if /(0) = 10 A. 



Figure 7.102 

For Prob. 7.22. 


Chapter 7, Solution 22. 

i(t) = i(0)e-‘/\ x = 

eq 

R,^=5||20 + 1 = 5Q, x = | 
i(t) = 10e-'*^'‘ A 

Using cuiTcnt division, the cuiTent through the 20 ohm resistor is 


v(t) = 20i, = -40e-'-^"‘ V 
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Chapter 7, Problem 23. 


Consider the circuit in Fig. 7.103. Givcn that v ^ (0) = 2 V, find v ^ and v ^ for t > 0. 


30 



Figure 7.103 

ForProb. 7.23. 


Chapter 7, Solution 23. 


Sincc thc 2 Q rcsistor, 1/3 H inductor, and thc (3+1) Q rcsistor arc in parallcl, 
thcy always havc thc samc voltagc. 


2 2 


= 1.5 


Thc Thcvcnin rcsistancc R „ 


Rth =211(3 + 1): 


4 

3 


-> i(0) = -1.5 

at the inductor’s temiinals is 
L 1/3 1 

""R, “4/3"4 


i(t) = i(0)e-‘^" =-1.5e-’'‘, t>0 

VL=v„-L+ = -1.5(-4)(l/3)e-^‘ 

^„ = 26“"^, t>0 

Vx=J^VL = Q-5e-^‘V> t>0 
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Chapter 7, Problem 24. 

Express the following signals in ternis of singularity fiinctions. 

(a) v(r) ^ 


(b)/(0 = 


(c) x{i) = \ 




í 0. 

t < 0 

1-5, 

t > 0 

' 0, 

í <1 

-10, 

< 

l<í<3 

10, 

3<t<5 

, 0, 

t<5 

't-l 

l</<2 

1, 

2<í<3 

4-1 

3</<4 


Otherwise 

'2, 

í <0 

■-5, 

0<r<l 

0, 

t < 1 


Chapter 7, Solution 24. 

(a) v(t) = -5u(t) 


(b) i(t) = -10[u(t)-u(t-3)] + 10[u(t-3)-u(t-5)] 

= -10u(t) + 20u(t-3)-10u(t-5) 


(c) x(t) = (t -1) [ u(t -1) - u(t - 2)] + [ u(t - 2) - u(t - 3)] 

+ (4 -1)[ u(t - 3) - u(t - 4)] 

= (t-l)u(t-l)-(t-2)u(t-2)-(t-3)u(t-3) + (t-4)u(t-4) 

= r(t-l)-r(t-2)-r(t-3) + r(t-4) 


(d) y(t) = 2u(-t)-5[u(t)-u(t-l)] 

= 2 u(-t) - 5 u(t) + 5 u(t -1) 
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Chapter 7, Problem 25. 


Sketch each of the following wavefomis. 

(a) i(t) = u(t -2) + u(t + 2) 

(b) v(t) = r(t) - r(t - 3) + 4u(t - 5) - Su(t - 8) 


Chapter 7, Solution 25. 

The wavefonns are sketched below. 



(b) 

v(t) 



-1 
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Chapter 7, Problem 26. 

Express the signals in Fig. 7.104 in teims of singularíty funetions. 




A 

4 - 

2 - 


0 2 4 6 / 

(c) 


Figure 7.104 

For Prob. 7.26. 


V4(î) 


0 


-1 


-2 



/ 


(d) 


Chapter 7, Solution 26. 

(a) Vi (t) = u(t + 1) - u(t) + [ u(t - 1) - u(t)J 
(t) = u(t + 1) - 2 u(t) + u(t -1) 


(b) V 2 (t) = (4-t)[u(t-2)-u(t-4)] 

v,(t) = -(t-4)u(t-2) + (t-4)u(t-4) 
v,(t) = 2u(t-2)-r(t-2) + r(t-4) 


(c) Vj (t) = 2 [ u(t - 2) - u(t - 4)] + 4[ u(t - 4) - u(t - 6)] 
V 3 (t) = 2u(t-2) + 2u(t-4)-4u(t-6) 


(d) V4 (t) = -t [ u(t -1) - u(t - 2)] = -t u(t -1) +1 u(t - 2) 

■V4 (t) = (-t + 1 - 1) u(t - 1) + (t - 2 + 2 ) u(t - 2 ) 

V4 (t) = - r(t -1) - u(t -1) + r(t - 2) + 2 u(t - 2) 
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Chapter 7, Problem 27. 


Express v(/) in Fig. 7.105 in teiTns of step functions. 



Figure 7.105 

ForProb. 7.27. 

Chapter 7, Solution 27. 

v(t)= 5uft+lì+lQuftì-25uft-lì+15uft-2ÌV 
Chapter 7, Problem 28. 

Sketch the wavefoiTn represented by 
/(/) = r(t) - r(t -1) - u(t - 2) - r(t - 2) 

+ r(t -3) + u(t - 4) 

Chapter 7, Solution 28. 

/(/) is shetched below. 
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Chapter 7, Problem 29. 


Sketch the following fnnctions: 

(a) x(t) = ii{t-\) 

(b) y{í) = \0e-^'-'hi{t) 

(c) z{t) = cos AtS (t - 1) 
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Chapter 7, Problem 30. 


Evaluate the following integrals involving the impulse funetions: 

(a) r Arô{t-\)dt 

J—IX 

(b) ^ At^ cos27itô{t-0.5)dt 

Chapter 7, Solution 30. 

(a) r 4r 5(t-l)dt = 4t"L^l =4 

(b) 4t" cos(2nt) ô(t - 0.5) dt = 4t" cos(2nt)| (=0 5 = cos tt = -1 


Chapter 7, Problem 31. 

Evaluate the following integrals: 

(a) 

£ \5ô{t) + e ^ ô{t) + cos27t:tô{t)\dt 

Chapter 7, Solution 31. 

(a) |^[ ô(t - 2)] dt = | = e-*" = 112 x10’ 

(b) 1“ [ 5ô(t) + e-‘ ô(t) + cos 2 iitô(t)] dt = (5 + c' + cos( 2 nt))| = 5 +1 +1 = 2 
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Chapter 7, Problem 32. 


Evaluate the following integrals: 
(a) u(Â)dÂ 

(h) j^r(t-l)dt 
(c) j"(t-6)^â(t-2)dt 


Chapter 7, Solution 32. 


(a) 

(b) 


(c) 


í I 

ju(À)dÀ = j\dÀ = À 


■t-\ 


jr(t -\)dî = jhdî + j(t -\)dt = - — 1\\=^ 

0 0 1 ^ 

5 

j(t - 6Y S(t - 2)dî = (t - 6)' I = 16 


Chapter 7, Problem 33. 


The voltage across a 10-mH inductor is 20á‘(/ -2) mV. Find the inductor cunent, 
assuming that the inductor is initially uncharged. 


Chapter 7, Solution 33. 


i(t)-^Ív(t)dt + i(0) 

i(t) = 2u(t-2) A 
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Chapter 7, Problem 34. 

Evaluate the following derìvatives: 

(a) — {u{t - 1) u{t +1)] 
dt 

(b) f [r(í-6)«(í-2)] 
dt 

(c) — [sin Atu{t - 31)] 
dt 

Chapter 7, Solution 34. 

^[u(t-l)u(t + l)] = 5(t-l)u(t + l) + 

(a) dt 

u(t-l)S(t + l) = S(t-l)»l + 0»S(t + l) = 5(t-l) 

— [r(t - 6) u(t - 2)1 = u(t - 6)u(t - 2) + 

(b) V V V y V y 

r(t - 6)ô(t - 2) = u(t - 6) • 1 + 0 • ô(t - 2) = u(t - 6) 

— [sin 4t u(t - 3)] = 4 eos 4t u(t - 3) + sin 4tô(t - 3) 
dt 

(c) =4 cos 4t u(t - 3) + sin 4x3ô(t - 3) 

= 4cos4t u(t - 3) - 0.5366ô(t - 3) 


Chapter 7, Problem 35. 

Find the solution to the following differential equations: 

(a) —+2v = 0, v(0) = -lV 

dt 

(b) 2—+3i = 0, /(0) = 2 

dt 


Chapter 7, Solution 35. 

(a) 

v=Ae-^\ v(0) = /l = -1 

V = -e-^‘ uitW 

(b) 

i=Ae^"^, ìiO) = A = 2 

it) = 2e'-^' uitìA 
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Chapter 7, Problem 36. 

Solve for v in the following differential equations, subject to the stated initial eondition. 

(a) dv I dt + v = u{t), v(0) = 0 

(b) 2 dv I dt-v =3u(t), v(0) = -6 

Chapter 7, Solution 36. 

(a) v(t) = A + Be^ t>0 

A = l, v(0) = 0 = l + B or B = -l 

v(t)= l-e-‘V, t>0 


(b) v(t) = A + Be‘^", t>0 

A = -3, v(0) = -6=-3 + B 01- B = -3 

v(t) = -3(l+e‘''')v, t>0 


Chapter 7, Problem 37. 

A circuit is descríbed by 

4*+.= 10 

dt 

(a) What is the time eonstant of the eireuit? 

(b) What is v( 00 ) the final value of v? 

(e) If v(0) = 2 find v(t) for t > 0. 

Chapter 7, Solution 37. 

Letv = Vii + Vp, Vp=10. 

=0 -> v„=Ae-’'* 

v^lO + Ae'"*^' 

v(0) = 2 = 10 + A -> A = -8 

v = 10-8é;'"^"' 

(a) r = ^ 

(b) v(oo) = 10 V 

(c) v^lO-^e "-^^' u(tW 
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Chapter 7, Problem 38. 


A circuit is descríbed by 
di 

— + 3/ = lii{f) 
dt 

Find i{i) for í > 0 given that /(0) = 0. 

Chapter 7, Solution 38 


Let i = ip +ih 


ih + ?}ij^ =0 - > ij^ = Ae ^^u{t) 


Let i =ku{t), L=0, 3ku{t) = lu{t) 


-+ k = — 


Ìn 


i — {Áti H- )u{î) 


If i(0) =0, then A + 2/3 = 0, i.e. A=-2/3. Thus 


i = ^{\ — e ^')u{t) 
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Chapter 7, Problem 39. 


Calculate the capaeitor voltage for / < 0 and t> 0 for each of the circuits in Fig. 7.106. 

4Q. 



(a) 


2F 


12V© ^' = 0 

— vwv - 

3 íì 


(b) 




Figure 7.106 

For Prob. 7.39. 
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Chapter 7, Solution 39. 


(a) Before t = 0, 

v(t) = ^(20) = 4V 
After t = 0, 

v(t) = v(oo) + [ v(0) - v(co)] e'*''' 
x = RC = (4)(2) = 8, v(0) = 4, v(oo) = 20 

v(t) = 20 + (4-20)e''/^ 
v(t) = 20-16e'‘/^ V 

(b) Before t = 0, v = v^ + v^, where Vj is due to the 12-V souree and Vj is 
due to the 2-A souree. 

Vj =12 V 

To get Vj, ti'ansfonn the eunent souree as shown in Fig. (a). 

V, =-8V 

Thus, 

v = 12-8 = 4 V 

After t = 0, the circuit becomes that shown in Fig. (b). 


2F 4C1 2F 




(a) 


(b) 


v(t) = v(oo) + [ v(0) - v(oo)] e'‘^' 

v(oo) = 12, v(0) = 4, T = RC = (2)(3) = 6 

v(t) = 12 + (4-12)e-‘''‘' 
v(t) = 12-8e-‘/‘’ V 
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Chapter 7, Problem 40. 

Find the capacitor voltage for / < 0 and t > 0 for each of the eircuits in Fig. 7.107. 


(a) 

/ = o 



Figure 7.107 
For Prob. 7.40. 




2Lì 

-AAAA^ - 


12 V 


d) 


4 V 


r = Û 


3F : 


Chapter 7, Solution 40. 

(a) Before t = 0, v = 12 V . 

After t = 0, v(t) = v(oo) + [ v(0) - v(oo)] e’^^" 

v(oo) = 4, v(0) = 12 , X = RC = (2)(3) = 6 

v(t) = 4 + (12-4)e-'/" 
v(t)= 4 + 8e-^/'V 

(b) Before t = 0, v= 12 V. 

After t = 0, v(t) = v(oo) + [ v(0) - v(oo)] e'^/' 

After tiansfoiTning the cuiTent souree, the circuit is shown below. 


t = 0 



v(0) = 12 , v(oo) = 12 , X = RC = (2)(5) = 10 

v= 12 V 
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Chapter 7, Problem 41. 


For the circuit in Fig. 7.108, find v(î) for t>0. 


t = Q 



+ 

V 


Figure 7.108 

For Prob. 7.41. 


Chapter 7, Solution 41. 


v(0) = 0, 


v(c«) = ^(12) = 10 

JO 


R,^C = (6||30)(1) = 


(6)(30) 

36 


v(t) = v(co) + [ v(0) - v(oo)] 
v(t) = 10+(0-10)e-‘/^ 
v(t) = 10(l-e'‘^-^')u(t)V 
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Chapter 7, Problem 42. 


(a) If the switch in Fig. 7.109 has been open for a long time and is closed at t = 0, find 

(b) Suppose that the switch has been closed for a long time and is opened at t = 0. Find 


í = 0 



Figure 7.109 
For Prob. 7.42. 

Chapter 7, Solution 42. 

(a) v„ (t) = v„ (oo) + [ v„ (0) - v„ (oo)] 

v„(0) = 0, v„(<») = ^(12) = 8 

^ = R^=2||4 = ^ 

4 

T = - (3) = 4 
3 

v^(t) = 8-8e-'/" 
v,(t) = 8 (l-e-"-^-^‘)V 

(b) For this case, (qo) = 0 so that 

v„(t) = v„(0)e-‘/' 

v„(0) = ^(12) = 8, t = RC = (4)(3) = 12 

v„(t) = 8 e-‘'" V 
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Chapter 7, Problem 43. 


Consider the circuit in Fig. 7.110. Find i(t) for t<0 and t > 0. 


í = 0 



Figure 7.110 

For Prob. 7.43. 


Chapter 7, Solution 43. 

Before t = 0, the circuit has reached steady state so that the capacitor acts like an open 
circuit. The circuit is equivalent to that shown in Fig. (a) after transforming the voltage 
source. 



i = ^ = 0.8 A 

80 - 
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After t = 0, the circuit is as shown in Fig. (b). 



ì 

80 Q 


Vc(t) = Vc(0)e'‘''', x = R,|,C 

To fínd R,|,, we replace the capacitor with a 1-V voltage source as shown in Fig. (c). 


0.5i 

-► 





k < 

) < 

> 0.5i < 




(c) 


Vc 1 0.5 

i = —=— , i =0.5i = — 

80 80’ " 80 

1 80 

R.,=- = ^ = 160n, x = R,„C = 480 

Vc(0) = 64V 
Vc(t) = 64e-‘''"’“’ 

0.5 i = -i = -C^ = -3 íÌ64e-‘''''*“ 
dt U80J 

i(t)= O.Se'U^o 
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Chapter 7, Problem 44. 


The switch in Fig. 7.111 has been in position a for a long time. At t = 0 it moves to 
position b. Calculate i(t) for all t>0. 


30 V 


© 



I' 


: 2F 


Figure 7.111 

For Prob. 7.44. 


Chapter 7, Solution 44. 


=6||3 = 2í^, x = rC = 4 
v(t) = v(oo) + [ v(0) - v(oo)] e'^/" 

Using voltage division, 

= = v(a)) = ^(12) = 4V 

j + o J + o 


Thus, 


v(t) = 4+(10-4) e-^/" =4 + 6 e’'/^ 
i(t) = = (2)(6)[^]e-‘/^ = A 
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Chapter 7, Problem 45. 

Find V ^ in the circuit of Fig. 7.112 when v ^ = 6u{f). Assume that v ^ (0) = 1 V. 


20 ka 10 ka 


- vwv - 

- vwv - 

D 40 a < 

> 3;aF = 


Figure 7.112 

For Prob. 7.45. 

Chapter 7, Solution 45. 

To find Rtii, consider the circuit shown below. 



r = - — XI x3xl 0 ® - 0.07 

3 


To find v^{co ), consider the circuit below. 



vM) = VoH +[ '^o(O) - »^ 0 (“)]«■"' = 4 + (1 - 4)e -^'° Vuffî 
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Chapter 7, Problem 46. 


For the circuit in Fig. 7.113, (î) = 5u(t) Find v(t). 



■ 0.25 F 


Figure 7.113 

For Prob. 7.46. 


Chapter 7, Solution 46. 


r = 7?^,C = (2 + 6)x0.25 = 2i% 


v(0) = 0, v(oo) = 6z\ = 6x5 = 30 


v(í) = v(oo) + [v(0)-v(oo)>-"^ =30(l-e-'^^) V 
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Chapter 7, Problem 47. 


Determine v(t) for / > 0 in the circuit of Fig. 7.114 if v(0) = 0. 


+ i' 



Figure 7.114 

For Prob. 7.47. 

Chapter 7, Solution 47. 

Fort<0, u(t) = 0, u(t-l) = 0, v(0) = 0 

For0<t<l, x = RC = (2 + 8)(0.1) = l 
v(0) = 0, v(«>) = (8)(3) = 24 

v(t) = v(co) + [ v(0) - v(co)] e‘‘^' 

v(t) = 24(l-e-‘) 

Fort>l, v(l) = 24(l-e-') = 15.17 


- 6 + v(oo) - 24 = 0 - > v(oo) = 30 

v(t) = 30 + (15.17-30)e-“-‘> 
v(t) = 30-14.83 


Thus, 


24(l-e‘)v, 0<t<l 

30-14.83e'‘” V, t>l 
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Chapter 7, Problem 48. 


Find v(î) and i(f) in the drcuit of Fig. 7.115. 


20 n 




- VW\^ - 

u(-î) A (j 

^ lOD < 

> 0.1 F = 


Figure 7.115 

For Prob. 7.48. 


Chapter 7, Solution 48. 


For t < 0, 

u(-t) = 1, 

v(0) = 

lOV 

For t > 0, 

u(-t) = 0, 

v(co) = 

0 

R(h = 

20 + 10 = 30, 

x = R^|^C = (30)(0.1) = 3 

v(t)- 

v(co) + [ v(0) - 

v(oo)] e' 

-t/x 

v(t) = 

lOe V 




i(t) 

i(t) 


dv 

c- = (0.1) 

Jf«‘ A 
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Chapter 7, Problem 49. 


If the waveform in Fig. 7.116(a) is applied to the circuit of Fig. 7.116(b), fìnd v(t). 


Assume v(0) 

= 0. 

h(A) , 



2 




0 1 í(s) 


(ii) 


0 


40 • 


6 0 

-^WVV - 


0.5 F 


(b) 


Figure 7.116 

For Prob. 7.49 and Review Question 7.10. 
Chapter 7, Solution 49. 


For 0 < t < 1, v(0) = 0, 
R,^=4 + 6 = 10, 
v(t) = v(oo) + [ v(0) - 
v(t) = 8(l-e-‘/') V 


v(«>) = (2)(4) = 8 
x = R,^C = (10)(0.5) = 5 

v(co)] 


Fort>C v(l) = 8(l-e-‘’^) = 1.45, v(oo) = 0 
v(t) = v(oo) + [ v(l) - v(oo)] e''‘“‘^^^ 

v(t) = 1.45e'““‘>''^ V 

Thus, 

[l.45e'“““''" V, t>l 
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Chapter 7, Problem 50. 


* In the circuit of Fig. 7.117, find i^ for t > 0. Let7^^ = = lkD ,R^= 2kÇì , and C = 

0.25 mF. 




30 mA Q ^ 


Figure 7.117 

For Prob. 7.50. 
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Chapter 7, Solution 50. 


For the capacitor voltage, 

v(t) = v(co) + [ v(0) - v(co)] e'‘^" 
v(0) = 0 

For t > 0, we transform the current source to a voltage source as shown in Fig. (a). 


1 kn 1 kn 



v(~) = ^^^(30) = 15V 

R„, =(l + l)||2 = lkn 

x = R.,,C = 10'x|xl0-'=| 
4 4 

v(t) = 15(l-e-'''), t>0 


We now obtain i„ fromv(t). Consider Fig. (b). 


But 


Thus, 


ij 1 kn 



Ìt (t) = 7.5 (1 - e"") mA + ^ X10'M-1 ^)^-^)^'" A 
ÌT(t) = 7.5(l + e-‘'‘)mA 

i,(t) = 30-7.5-7.5e"" mA 

i,(t)= 7.5(3-e-‘")mA, t>0 


2kn 
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Chapter 7, Problem 51. 


Rather than applying the short-cut technique used in Section 7.6, use KVL to obtain Eq. 
(7.60). 


Chapter 7, Solution 51. 


Consider the circuit below. 


R 


t = n 



+ 


After the switch is closed, applying KVL gives 
di 

V, =Ri + L — 

^ dt 

di f Vs 
or L — = -R1 


dt 


di 


R 

-R 
= —dt 


i-Vs/R L 


Integrating both sides. 


or 




i(t)_ 


-R 


r ■ 


In 


i-Vs/R 

,Io-Vs/R 


i-Vs/R 


lo-Vs/R 


Vs Vs 


-t/T 


which is the same as Eq. (7.60). 
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Chapter 7, Problem 52. 


For the circuit in Fig. 7.118, find i(t) for t> 0. 


\ 5H 


10 O 


20 V 


© 




40 Í2 


Figure 7.118 

For Prob. 7.52. 


Chapter 7, Solution 52. 

i(0) = ^ = 2A, i(^) = 2A 

i(t) = i(oo) + [ i(0) - i(co)] e-‘/' 

i(t) = 2 A 
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Chapter 7, Problem 53. 

Determine the inductor current i(t) for both t <0 and t> 0 for each of the circuits in Fig. 
7.119. 


25 V Q 



4H 


(a) 



(b) 


Figure 7.119 

For Prob. 7.53. 


Chapter 7, Solution 53. 


(a) Before t = 0, i = ^ ^ ^ = 5 A 

After t = 0, i(t) = i(0) e'^/" 

L 4 

x = - = - = i(0) = 5 

i(t)= u(t)A 

(b) Before t = 0, the inductor acts as a short circuit so that the 2 Q and 4 Q 
resistors are short-circuited. 

i(t) = 6 A 

After t = 0, we have an RL circuit. 

i(t) = i(0)e'‘^\ t: = ^=| 

i(t)= 6e‘^‘4 u(t)A 

PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei-ved. No p art 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou are using it without permission. 

























Chapter 7, Problem 54. 


Obtain the inductor current for both t<0 and t > 0 in each of the circuits in Fig. 7.120. 




(b) 


Figure 7.120 

For Prob. 7.54. 
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Chapter 7, Solution 54. 

(a) Before t = 0, i is obtained by current division or 

After t = 0, 

i(t) = i(co) + [i(0)-i(co)] e'‘/' 

L 


T = 


R.’ 

3.5 1 


R,^=4 + 4||12 = 7Q 


41112 3 6 

K0) = 1, = = = 7 


Ì(t): 


:+ 1 


i(t) = y(6-e-'')A 

10 

(b) Beíore t = 0, i(t) = = 2 A 

Aftert = 0, =3 + 6112 = 4.5 

eq II 

_ _ 4 

" = :^ = Â5 = 9 
i(0) = 2 

To ímd i(oo) , consider the circuit below, at t = when the inductor 
becomes a short circuit, y 



10-v 24 -V V 

2 6 “ 3 

iM = J = 3 A 

i(t) = 3 + (2-3)e-’‘/'' 
i(t)= A 
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Chapter 7, Problem 55. 

Find v(/) for t <0 and / > 0 in the circuit of Fig. 7.121. 


0.5 H 



Figure 7.121 

For Prob. 7.55. 


Chapter 7, Solution 55. 

For t < 0, consider the circuit shown in Fig. (a). 

i 0.5 H 


0.5 H 



20 . 



20 


v(t) = 4i„ = 96 V 


i = - = 48 A 
2 


Fort > 0, consider the circuit in Fig. (b). 
i(t) = i(oo) + [ i(0) - i(oo)] 

i(0) = 48, i(oo) = 0 

R.,=2Í2, x = .L 1 


R 


th 


2 4 


i(t) = (48)e 


-4t 


v(t) = 2i(t) = 96e'^‘ u(t)V 
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Chapter 7, Problem 56. 

For the network shown in Fig. 7.122, find v(t) for t>0. 


5íì 



For Prob. 7.56. 

Chapter 7, Solution 56. 

L 

=6 + 20||5 = 10f2, T = —= 0.05 

i(t) = i(co) + [ i(0) - i(oo)] 

i(0) is found by applying nodal analysis to the following circuit 


sn 



2 + 


20-Vx 

5 


Z2L + Z2L 
12 20 




> v ,=12 


Since 20II 5 = 4, 

= 7T7 (4) = 1.6 
4 + 0 

i(t) = 1.6 + (2 -1.6) e''^'* “ =1.6 + 0.4 e'^'" 
v(t) = L^ = Lo.4)(-20)e-^«‘ 

dt 2 
v(t) = V 
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Chapter 7, Problem 57. 

* Find and i^it) for r > 0 in the circuit of Fig. 7.123. 


5 a( 

^ 6Í2| í = 

U'' N 



2.5 H 3 Ì 


Figure 7.123 

For Prob. 7.57. 

* An asterisk indicates a challenging problem. 

Chapter 7, Solution 57. 

At t = 0“, the circuit has reached steady state so that the inductors act like short 
circuits. 


6Q 



30 

6 + 5||20" 
i,(0) = 2.4A, 


M 

10”^’ ''”25 

ij(0) = 0.6 A 


(3) = 2.4, 


i^ = 0.6 


For t > 0, the switch is closed so that the energies in and flow through the 
closed switch and become dissipated in the 5 Q and 20 Q resistors. 

./ L, 2.5 1 

i,(t) = i,(0)e-‘/'', T,=:^ = —=- 

ii(t)= 2.4e'^‘ u(t)A 


Ì2(t) = Ì2(0)e ‘'''^, 


^2 


R2 20 


]_ 

5 


Ì 2 (t)= 0.6e'^‘ u(t)A 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei-ved. No p art 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou are using it without permission. 
























Chapter 7, Problem 58. 

Rework Prob. 7.17 if/(0) = 10 A and v(í) = 20 îí (?) V. 


Chapter 7, Solution 58. 

Fort<0, v„(t) = 0 

Fort>0, i(0) = 10, ì(od) = :^ = 5 

L 1/4 

R„,=l + 3 = 4n, x = —= ^ = 

i(t) = i(oo) + [i(0)-i(co)] e 

i(t)= 5(l + e-'®)A 


16 


V Jt) = 3 i + L ^ = 15 (1 + e-"") + ^ (-16)(5) e-''^' 
v„(t) = 15-5e-'“ V 


Chapter 7, Problem 59. 

Determine the step response v^(t) to v ^ in the circuit of Fig. 7.124. 


40 

4 - 


Figure 7.124 
For Prob. 7.59. 

Chapter 7, Solution 59. 

Let I be the current through the inductor. 

Fort<0, y, =0, i(0) = 0 

L 1.5 

Fort>0, R^=4+6||3 = 6, x = ^—= —= 0.25 

i(oo) = (3) = 1 

2 + 4 

i(t) = i(«.) + [i(0)-i(«.)] e-'/' 
i(t) = l-e-^‘ 

v„(t) = L^ = (1.5)(-4)(-e-^‘) 
vJt)= 6e-Vt)V 
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— vwv- 




30 


1.5 H ■ 
















Chapter 7, Problem 60. 


Find v(î) for / > 0 in the circuit of Fig. 7.125 if the initial current in the inductor is zero. 


4u{t) 0 



Figure 7.125 

For Prob. 7.60. 


Chapter 7, Solution 60. 

Let I be the inductor current. 

Fort<0, u(t) = 0 -> i(0) = 0 

Fort>0, R^=5||20=4fì, t = :^ = -^ = 2 

i(oo) = 4 

i(t) = i(oo) + [i(0)-i(co)] e 

i(t) = 4(l-e-‘/") 

v(t) = L^ = (8)(-4)(y]e-‘/^ 
v(t)= 166-“-“'' V 
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Chapter 7, Problem 61. 


In the circuit of Fig. 7.126, i ^ changes from 5Ato 10Aatt = 0 that is, i ^ =5u (-î) + 
ÌOu(t) Find V and i. 



Figure 7.126 

For Prob. 7.61. 

Chapter 7, Solution 61. 

The current source is transformed as shown below. 

4Q 



L 1/2 1 

" = 4=8’ = = 

i(t) = i(oo) + [ i(0) - i(co)] 

i(t)= 10-5e'^‘ u(t)A 



v(t) = 20e'^‘u(t)V 
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Chapter 7, Problem 62. 


For the circuit in Fig. 7.127, calculate i(î) if /(0) = 0. 



Figure 7.127 

For Prob. 7.62. 


Chapter 7, Solution 62. 

L 2 

For0<t<l, u(t-1) = 0 sothat 
i(0) = 0, i(oD) = ^ 

i(t) = ^(l-e-‘) 

Fort>l, i(l) = 7 (l-e-‘) = 0.1054 

6 

1 1 1 

i(t) = 0.5 + (0.1054-0.5)e-'‘-'> 
i(t) = 0.5-0.3946e-'‘-'> 


Thus, 


i(t) 


0.5-0.3946e-^‘-*^ A 


0<t<l 
t > 1 
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Chapter 7, Problem 63. 


Obtain v(/) and i(t) in the circuit of Fig. 7.128. 



Figure 7.128 
For Prob. 7.63. 


Chapter 7, Solution 63. 


For t < 0, 

u(-t) = 1, 

i(0) = y = 2 

For t > 0, 

u(-t) = 0, 

Ì(qo) = 0 


L 0.5 

R„=5||20 = 4Í2, x = —= — 

^tll 4 

i(t) = i(oo) + [ i(0) - i(co)] e'*^^ 

i(t)= 2e'*‘ u(t)A 


1 

8 


v(t) = -8e'^^u(t) V 
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Chapter 7, Problem 64. 


Find v^(í) for r > 0 in the circuit of Fig. 7.129. 


10 V 



4H 




Figure 7.129 

For Prob. 7.64. 
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Chapter 7, Solution 64. 


Let i be the inductor current. 

For t < 0, the inductor acts like a short circuit and the 3 Q resistor is short- 
circuited so that the equivalent circuit is shown in Fig. (a). 


6 Q i 6 Q i„ 




10 

i = i(0) = —= 1.667 A 
6 


For t > 0, 


R,„ =2 + 3||6 = 4Q, 


L 4 

"“Rth “4“^ 


To fínd i(oo) , consider the circuit in Fig. (h). 

10 


10-v V V 
6 “3 "^2 

V 5 


V : 


i(t) = ì(qo) + [ i(0) - i(oo)] e'^^" 

6 l 6 6j 6' ’ 


v„ is the voltage across the 4 H inductor and the 2 Q resistor 


di 10 10 , 

v.(t) = 2i + L- = - + -e- +(4)(jJ(-l)v 


10 10 


v„(t) = 1.6667(l-e'')v 
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Chapter 7, Problem 65. 

If the input pulse in Fig. 7.130(a) is applied to the circuit in Fig. 7.130(b), determine the 
response i(t). 


^(V) 

10 


0 1 t (s) 

(a) 



I' 


(b) 


Figure 7.130 

For Prob. 7.65. 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou are using it without permission. 


















Chapter 7, Solution 65. 


Since = 10[ u(t) - u(t - 1)J, this is the same as saying that a 10 V source is 

tumed on at t = 0 and a -10 V source is tumed on later at t = 1. This is shown in 
the figure below. 



For0<t<l, i(0) = 0, ì(qo) = — =2 

R..=5||20 = 4, < = ^ = ï = 

i(t) = i(co) + [i(0)-i(co)] e 

i(t) = 2(l-e-“)A 
i(l) = 2(l-e-') = 1.729 


]_ 

2 


For t > 1, i(oo) = 0 since = 0 
i(t) = 1.729e-'“-‘' A 


Tlîus, 

i(t) 


í 2 ( 1 - 6 ^“)^ 0<t<l 

11.729A t>l 
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Chapter 7, Problem 66. 


For the op amp circuit of Fig. 7.131, fínd . Assume that v ^ changes abruptly from 0 to 
1 V at r = 0. 

50 kn 



Figure 7.131 

For Prob. 7.66. 


Chapter 7, Solution 66. 

For t<0-, Vs =0 so that Vo(0)=0 
Let V be the capacitor voltage 

For t>0, Vs =1. At steady state, the capacitor acts like an open circuit so that we 
have an inverting amplifíer 

Vo(oo) = -(50k/20k)(lV) = -2.5 V 

T = RC = 50x10^x0.5x10“*^ = 25 ms 

Vo(t) = VoC») + (Vo(0) - Vo(«,))e-''“ ”'' = 2.5(e^"*-l) V . 
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Chapter 7, Problem 67. 

If v(0) = 5 V, find v^(/) for / > 0 in the op amp circuit of Fig. 7.132. LctR = 10kF2 and 
C= 1 ju¥. 


R 



Figure 7.132 

For Prob. 7.67. 

Chapter 7, Solution 67. 

Thc op amp is a voltagc followcr so that v^ = v as shown bclow. 


R 



Atnodc 1, 

~ ^1 ~ Q Vi - Vq 

R ~ R R ^ 

At the noninverting terminal, 

dv V — V. 

C^ + -l^—^ = 0 

dt R 

dv 2 

-RC—^ = v„ -V, = v„ --v„ = 
dt 3 

dv V 


dt 3RC 

v„(t) = VTe-‘''''''' 



1 

3 


V 


o 


Vt = v„(0) = 5V, x = 3RC = (3)(10x10^)(1x10-'^) = j^ 
v„(t) = 5e'^““*/^ u(t)V 
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Chapter 7, Problem 68. 


Obtain v q for t > 0 in the drcuit of Fig. 7.133. 


/ = o 



Figure 7.133 

For Prob. 7.68. 

Chapter 7, Solution 68. 

This is a very interesting problem and has both an important ideal solution as well as an 
important practical solution. Let us look at the ideal solution first. Just before the switch 
closes, the value of the voltage across the capacitor is zero which means that the voltage 
at both terminals input of the op amp are each zero. As soon as the switch closes, the 
output tries to go to a voltage such that the input to the op amp both go to 4 volts. The 
ideal op amp puts out whatever current is necessary to reach this condition. An infinite 
(impulse) current is necessary if the voltage across the capacitor is to go to 8 volts in zero 
time (8 volts across the capacitor will result in 4 volts appearing at the negative terminal 
of the op amp). So Vo will be equal to 8 volts for all t > 0. 

What happens in a real circuit? Essentially, the output of the ampliíier portion of the op 
amp goes to whatever its maximum value can be. Then this maximum voltage appears 
across the output resistance of the op amp and the capacitor that is in series with it. This 
results in an exponential rise in the capacitor voltage to the steady-state value of 8 volts. 

vC(t) = Vopanipniax(l “ volts, for all values of vC less than 8 V, 

= 8 V when t is large enough so that the 8 V is reached. 
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Chapter 7, Problem 69. 


For the op amp circuit in Fig. 7.134, find v ^ (î) for t>0. 


25 mF 



Figure 7.134 

For Prob. 7.69. 


Chapter 7, Solution 69. 

Let be the capacitor voltage. 

Fort<0, v^(0) = 0 

For t > 0, the 20 kí2 and 100 resistors are in series and together, they are in 
parallel with the capacitor since no current enters the op amp terminals. 

As t ^ 00 , the capacitor acts like an open circuit so that 

VoM = ^(20 + 100) = -48 

R„ =20 + 100 = 120 kD, ■c = R,|,C = (120xl0')(25xl0-') = 3000 

Vo (t) = Vo (“) + [ Vo (0) - Vo («3)] e'*/'' 

(t) = -48 (l - )v = 48(e 
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Chapter 7, Problem 70. 


Determine for / > 0 when v ^ =20 mV in the op amp circuit of Fig. 7.135. 


t = o 



Figure 7.135 

For Prob. 7.70. 
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Chapter 7, Solution 70. 

Let V = capacitor voltage. 

For t < 0, the switch is open andv(O) = 0. 

For t > 0, the switch is closed and the circuit becomes as shown below. 



Vi = V2 = V, 

0-v, dv 

-^ = C— 

R dt 

where v = v, - v„ - > = v^ - v 


— = ^ = 0 


From (1) 
dv 

dt RC 

-1 


v = 


Jv, dt + v(0) 


-tv. 

RC 


( 1 ) 

( 2 ) 

(3) 


Since V is constant, 

RC = (20xl0')(5xl0") = 0.1 
-20t 

V = mV = -200t mV 
From (3), 

v„ = V, -v = 20 + 200t 

v„ = 20(l + 10t)mV 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei-ved. No p art 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher. or used beyond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual course prepaiation. If you are a student using this Manuah 
vou are using it without permission. 




Chapter 7, Problem 71. 

For the op amp circuit in Fig. 7.136, supposc v ^ = 0 and v ^ = 3 V. Find v(t) for / > 0. 




Figure 7.136 

For Prob. 7.71. 
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Chapter 7, Solution 71. 


We temporarily remove the capacitor and íind the Thevenin equivalent at its 
terminals. To íind Rtii, we consider the circuit below. 



Since we are assuming an ideal op amp, Ro = 0 and RTii=20kQ . The op amp circuit 
is a noninverting amplitier. Hence, 

The Thevenin equivalent is shown below. 


20 kn 



Thus, 

where x = = 20x10 ^ Xl 0x10 ® = 0.2 

\/(í) = 6(1-e“^'),í>0Y 
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Chapter 7, Problem 72. 


Find Ìq in the op amp circuit in Fig. 7.137. Assume that v(0) = -2Y,R = 10 kí2 , and C = 

10 ju¥. 



Figure 7.137 

For Prob. 7.72. 


Chapter 7, Solution 72. 

The op amp acts as an emitter follower so that the Thevenin equivalent circuit is 
shown below. 


C 



Hence, 


v(t) = v(oo) + [ v(0) - v(oo)] e'^/" 

v(0) = -2 V, v(oo) = 3 V, X = RC = (lOx 10')(10x 10-') = 0.1 
v(t) = 3 + (-2-3)e-'"^ =3-5e-''^‘ 


i„=C—= (10x10-')(-5)(-10)e-^«^ 

i, = O.Se'*'^ mA, t>0 
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Chapter 7, Problem 73. 


For the op amp circuit in Fig. 7.138, let/?j = 10 kí2, = 20 kQ, C = 20 // F, and v(0) 

= 1 V.Findv„ . 



-O 


Figure 7.138 

For Prob. 7.73. 
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Chapter 7, Solution 73. 


Consider the circuit below. 


Rf 


At node 



V, -V, _ ^ 

“^dt 


R. 


At node 3, 

^dv_ V3-v„ 

dt 

But ¥ 3=0 and v = = v^. Hence, (1) becomes 

V . - V _ ^ dv 
dt 


Rf 

dv 

v,-v = R.C- 

dv V V| 


dt Rj^C R|C 
which is similar to Eq. (7.42). Hence, 

J v^ t < 0 

''^^^"lvi + (vT-Vi)e-‘/' t >0 

where Vt = v(0) = 1 and Vj = 4 

x = RjC = (10xl0')(20xl0'') = 0.2 
1 t <0 


v(t) = 

From (2), 

V 


4-3e-"‘ t >0 


dv 


-Rf C — = (20 X1 O^ )(20 X 1 0'' )(15 e-"‘) 

v„ = - 6 e'^‘, t > 0 

v„ =-6e-’‘ u(t)V 


( 1 ) 

( 2 ) 
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Chapter 7, Problem 74. 


Determine v ^ (t) for t > 0 in the circuit of Fig. 7.139. Let i ^ =1 Ou(t) // A and assume that 
the capacitor is initially uncharged. 



Figure 7.139 

For Prob. 1.14. 
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Chapter 7, Solution 74. 

Let V = capacitor voltage. For t<0, v(0) = 0 



dv V 


v(t) = v(oo) + v(0) - v(oo)] e'^/" 


It is evident from the circuit that 

X = RC = (2 X10"' )(50 X10') = 0.1 


( 1 ) 

( 2 ) 


At steady state, the capacitor acts like an open circuit so that i^ passes through R. 
Hence, 

v(oo) = i,R = (10xl0-')(50x lO') = 0.5 V 

Then, 

v(t) = 0.5(l-e-'“‘) V (3) 


But 


0-v„ 


1 , = 


R, 




(4) 


Combining (1), (3), and (4), we obtain 


-1 , , dv 

v„ =—v-^lOxlO'^^^xlO")-- 
5 dt 

v„ = -0.1 + 0.1 e-'"' - (2 X10'" )(0.5)( -10e-'"‘) 
v„ =0.2e-““-0.1 
v„ = 0.1(26-““ -l)v 
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Chapter 7, Problem 75. 


In the circuit of Fig. 7.140, fmd v ^ and i ^, given that v ^ = 4u(t) V and v(0) = 1 V. 



10 kn 



Figure 7.140 

For Prob. 7.75. 
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Chapter 7, Solution 75. 

Let Vj = voltage at the noninverting terminal. 

Let V 2 = voltage at the inverting terminal. 

For t > 0, = ^2 = V, = 4 

0-v^ 

-^ = i„, R,=20kD 

v„=-i.R 

V dv 

Also, + C —, R2=10kí2, C = 2 |liF 

R^ dt 

- V, V dv 

i-e- 1> = ^ + C— 

Ri Rj dt 

This is a step response. 

v(t) = v(oo) + [ v(0) - v(co)] e ‘i' , v(0) = 1 

where x = R^C = (lOx 10')(2xlO’'') = ^ 


( 1 ) 

( 2 ) 


At steady state, the capacitor acts like an open circuit so that i^ passes through 
Rj. Hence, as t —> oo 
-Vs _ V(”) 

Ri R, 


i.e. 


v(oo) 


Ri 


-10 

20 


(4) = -2 


v(t) = -2 + (l + 2)e-"“ 
v(t) = -2 + 3e-'“ 


But V = V, - v„ 
or v„=v, - v = 4 + 2- 3e'^"' 
v„ = 6-3e'^®‘ u(t)V 


or 


iZi 

Ri 


-4 

-= - 0.2 mA 

20k 


V dv 

=-+ C—- = - 0.2 mA 

R, dt - 
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Chapter 7, Problem 76. 


Repeat Prob. 7.49 using PSpice. 

Chapter 7, Solution 76. 

The schematic is shown below. For the pulse, we use IPWL and enter the corresponding 
values as attributes as shown. By selecting Analysis/Setup/Transient , we let Print Step = 
25 ms and Final Step = 2 s since the width of the input pulse is 1 s. After saving and 
simulating the circuit, we select Trace/Add and display -V(C1:2). The plot of V(t) is 
shown below. 



ûs Q.âs 1.2s 1.4s 2.0? 

Q - U(C1^2) 

Tine 
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Chapter 7, Problem 77. 


The switch in Fig. 7.141 opens at / = 0. Use PSpice to determine v(t) for t > 0. 



30 V 


Figure 7.141 

For Prob. 7.77. 
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Chapter 7, Solution 77. 


The schematic is shown below. We click Marker and insert Mark Voltage Differential at 
the terminals of the capacitor to display V after simulation. The plot of V is shown 
below. Note from the plot that V(0) = 12 V and V(oo) = -24 V which are correct. 




o W(R2:2,R4:2) 

Time 
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Chapter 7, Problem 78. 


The switch in Fig. 7.142 moves írom position ato b aì t= 0. Use PSpice to find i(t) for 


t>0. 



Figure 7.142 

For Prob. 7.78. 
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Chapter 7, Solution 78. 


(a) When the switch is in position (a), the schematic is shown below. We insert 
IPROBE to display i. After simulation, we obtain, 

i(0) = 7.714 A 

from the display of IPROBE. 



(b) When the switch is in position (b), the schematic is as shown below. For inductor 
II , we let IC = 7.714. By clicking Analysis/Setup/Transient ., we let Print Step = 25 ms 
and Final Step = 2 s. After Simulation, we click Trace/Add in the probe menu and 
display I(L1) as shown below. Note that i(aD) = 12A, which is correct. 
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Chapter 7, Problem 79. 


In the circuit of Fig. 7.143, the switch has been in position a for a long time but moves 
instantaneously to position b aXt = 0 Determine / 



Figure 7.143 

For Prob. 7.79. 


Chapter 7, Solution 79. 

When the switch is in position 1, io(0) = 12/3 = 4A. When the switch is in position 2, 

Ìo(“) = -7 ^ = -0-5A, Rxh =(3 + 5)//4 = 8/3, t = -^ = 3/80 
5 + 3 Rxh 

io (t) = io (“) + [io (0) - io (“)]e“'‘" = -0.5 + 4.5e-^^^^^ u(t)A 
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Chapter 7, Problem 80. 


In the circuit of Fig. 7.144, assume that the switch has been in position a for a long time, 
find: 

(a) !\(0), «^(O), and Vo(0) 

(b) i i (í) 

(c) ii(co),/^(oo), andv„ (co). 


30 V 





Figure 7.144 

For Prob. 7.80. 

Chapter 7, Solution 80. 

(a) When the switch is in position A, the 5-ohm and 6-ohm resistors are short- 
circuited so that 


/,(0)= 4(0)=v,(0) = 0 


but the current through the 4-H inductor is Ìl(0) =30/10 = 3A. 

(b) When the switch is in position B, 

R^^=3//6 = 2n, ■c = -'^ = 4/2 = 2sec 

Rrh 


ÌL(t) = ÌL(“) + [ÌL(0)-ÌL(“)]e“'^" =0 + 3e-*/^ =3e:!^ 
(c) îi(k)) = J^^ = 2A, :(■») =-|:(°o) = 0A 

v„it) = L^ -> v„(«) = 0V 

dt - 
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Chapter 7, Problem 81. 

Repeat Prob. 7.65 using PSpice. 

Chapter 7, Solution 81. 

The schematic is shown below. We use VPWL for the pulse and specify the attributes as 
shown. In the Analysis/Setun/Transient menu, we select Print Step = 25 ms and fìnal 
Step = 3 S. By inserting a current marker at one terminal of LI, we automatically obtain 
the plot of i after simulation as shown below. 


R1 




□ -I (L1 I 
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Chapter 7, Problem 82. 

In designing a signal-switching circuit, it was found that a 100- // F capacitor was needed 
for a time constant of 3 ms. What value resistor is necessary for the circuit? 


Chapter 7, Solution 82. 

T = RC -> R = “ 

C 


3x10-^ 

lOOxlO'" 


= 30Q 


Chapter 7, Problem 83. 

edd 

An RC circuit consists of a series connection of a 120-V source, a switch, a 34-Mf2 
resistor, and a 15 - // F capacitor. The circuit is used in estimating the speed of a horse 
running a 4-km racetrach. The switch closes when the horse begins and opens when the 
horse crosses the íìnish line. Assuming that the capacitor charges to 85.6 V, calculate the 
speed of the horse. 

Chapter 7, Solution 83. 


v(oo) = 120, v(0) = 0, t = RC = 34.d0^d5.d0-'' =5105 

v(í) = v(oo) + [v(0)-v(oo)>’"^ -> 85.6 = 120(1-4;’"''“) 

Solving for t gives 

/ = 5101n3.488 = 637.165 
speed = 4000m/637.16s = 6.278m/s 

Chapter 7, Problem 84. 

The resistance of a 160-mH coil is 8Q. Find the time required for the current to build up 
to 60 percent of its final value when voltage is applied to the coil. 

Chapter 7, Solution 84. 

Let lo be the íìnal value of the current. Then 

i(t) = /„(1-í;-"^), t = R/L = 0.16/8 = 1/50 

0.6/„ =/„(l-t;’'“') -> í = —In —= 18.33ms. 

50 0.4 - 
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Chapter 7, Problem 85. 

A simple relaxation oscillator circuit is shown in Fig. 7.145. The neon lamp fires when its 
voltage reaches 75 V and tums off when its voltage drops to 30 V. Its resistance is 120Q 
when on and infinitely high when off. 

(a) For how long is the lamp on each time the capacitor discharges? 

(b) What is the time interval between light flashes? 


4MD 

- VWV- 


120 V 


~~ 6 == (jì^ Neonlamp 


Figure 7.145 

For Prob. 7.85. 


Chapter 7, Solution 85. 


(a) The light is on ífom 75 volts until 30 volts. During that time we 

essentially have a 120-ohm resistor in parallel with a 6-pF capacitor. 

v(0) = 75, v(oo) = 0, T = 120x6x10''^ = 0.72 ms 


v(ti) = 75 e 't ^ ^ = 30 which leads to tj = -0.721n(0.4) ms = 659.7 us of 
lamp on time. 

(b) T = RC = (4 X 10")(6 X10-') = 24 s 

Since v(t) = v(aD) + [ v(0) - v(oo)] e'^^" 

v(tj)-v(c») = [v(0)-v(oo)] e'‘'^' (1) 

v^tj) - v(co) = [ v(0) - v(oo)] (2) 


Dividing (1) hy (2), 
v(ti)-v(co) 


v(tj)-v(oo) 
tg = tj -1, = T In 




+(t,)-v(oo) ^ 

U(t2)-v(oo)j 


ty = 24 In 


75-120 

30-120. 


:241n(2) = 16.636 s 
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Chapter 7, Problem 86. 

Figure 7.146 shows a circuit for setting the length of time voltage is applied to the 
electrodes of a welding machine. The time is taken as how long it takes the capacitor to 
charge from 0 to 8 V. What is the time range covered by the variable resistor? 


100kQto 1 MQ 


-- 


= = lixV - 



Welding 

control 

iinit 





Electrode 


Figure 7.146 

For Prob. 7.86. 

Chapter 7, Solution 86. 

v(t) = v(oo) + [ v(0) - v(aD)] e'^/" 
v(qo) = 12, v(0) = 0 

v(t) = 12(l-e-‘/") 
v(tJ = 8 = 12(l-e-‘''^‘) 

_^_1—e'‘"A -^ g-tiiA = i- 

12 3 

to = i:ln(3) 

For R = 100kí2, 

t = RC = (100x10")(2x10-'') = 0.2s 
t„ = 0.21n(3) = 0.2197s 

For R = lMO, 

X = RC = (1X 10'')(2 X lO-'^) = 2 s 
to = 21n(3) = 2.197s 

Thus, 

0.2197 s < t„ < 2.197 s 
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Chapter 7, Problem 87. 

A 120-V dc generator energizes a motor whose coil has an inductance of 50 H and a 
resistance of 100Í2 . A íield discharge resistor of 400 Q is connected in parallel with the 
motor to avoid damage to the motor, as shown in Fig. 7.147. The system is at steady 
state. Find the current through the discharge resistor 100 ms after the brealcer is tripped. 


Circuit breaker 



Figure 7.147 

For Prob. 7.87. 


Chapter 7, Solution 87. 


Let i be the inductor current. 


120 

Fort<0, i(0-) = —= 1.2A 


For t > 0, we have an RL circuit 
L 50 

T = — =-= 0.1, l(oo) = 0 

R 100 + 400 

i(t) = i(oo) + [ i(0) - i(oo)] e'‘^" 

i(t) = 1.2e-“’‘ 


At t = 100 ms = 0.1 s, 

i(0.1) = 1.2e'= 441mA 

which is the same as the current through the resistor. 
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Chapter 7, Problem 88. 

The circuit in Fig. 7.148(a) can be designed as an approximate differentiator or an 
integrator, depending on whether the output is taken across the resistor or the capacitor, 
and also on the time constant t = RC of the circuit and the width T of the input pulse in 
Fig. 7.148(b). The circuit is a differentiator if t « 7, say t < O.U, or an integrator if t 
» 7, say T > 107. 

(a) What is the minimum pulse width that will allow a differentiator output to 
appear across the capacitor? 

(b) If the output is to be an integrated form of the input, what is the maximum 
value the pulse width can assume? 



Figure 7.148 

For Prob. 7.88. 


Chapter 7, Solution 88. 


(a) T = RC = (300 X10' )(200 x 10 '') = 60 ps 
As a differentiator, 

T > lOx = 600 ps = 0.6 ms 

i.e. T„i„ = 0.6 ms 

(b) X = RC = 60 ps 
As an integrator, 

T < 0.1X = 6 ps 
i-e- T,„„, = 6 ns 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei-ved. No p art 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual course prepaiation. If you are a student using this Manuah 

vou are using it without permission. 
















Chapter 7, Problem 89. 

An RL circuit may be used as a differentiator if the output is talcen across the inductor and 
T «T (say T < 0.17^, where T is the width of the input pulse. If R is tixed at 200 kQ 
determine the maximum value of L required to differentiate a pulse with 7=10 // s. 


Chapter 7, Solution 89. 


Since T < O.IT = 1 ps 


L<RxlO-'' = (200x10')(lxl0'') 


L < 200 mH 
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Chapter 7, Problem 90. 

An attenuator probe employed with oscilloscopes was designed to reduce the magnitude 
of the input voltage v • by a factor of 10. As shown in Fig. 7.149, the oscilloscope has 

intemal resistance R ^ and capacitance C ^ while the probe has an intemal resistance 
If R^ is íixed at 6 MQ find R ^ and C ^ for the circuit to have a time constant of 15 // s. 


Probe Scope 


o - WVV - 


- o 



+ 

V, < 

? c = 

= Vy 

o - 


- o 


Figure 7.149 

For Prob. 7.90. 

Chapter 7, Solution 90. 

We determine the Thevenin equivalent circuit for the capacitor C^,. 



The Thevenin equivalent is an RC circuit. Since 







6 2 
- = -Mfì 
9 3 


Rs 

Rs + Rp 


Also, 


where 


T = Rti,C^ = 15 |as 


Rt„=Rp 



IR 

' ^ 6 + 2/3 

15x10 '' _ 
“ 0.6x10'' 


■ = 0.6 MÍ2 

25 pF 
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Chapter 7, Problem 91. 

The circuit in Fig. 7.150 is used by a biology student to study “frog kick.” She noticed 
that the frog kicked a little when the switch was closed but kicked violently for 5 s when 
the switch was opened. Model the frog as a resistor and calculate its resistance. Assume 
that it takes 10 mA for the frog to kick violently. 



Figure 7.150 

For Prob. 7.91. 


Chapter 7, Solution 91. 

ie(0) = ^ = 240 

i(t) = i(^) + [i(0) 
i(t) = 240e-‘i' 

L 2 
R “ R 
i(tj = 10 = 240e‘»/' 

e‘"/'=24 -> t(, = Tln(24) 

t(, 5 

^“ln(24)“ln(24)“^'^'^^“R 

‘'“iJtJ'ÌÌZHÌ 


mA , i(oo) = 0 

-ì(qo)] e'^/" 
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Chapter 7, Problem 92. 


To move a spot of a cathode-ray tube across the screen requires a linear increase in the 
voltage across the deflection plates, as shown in Fig. 7.151. Given that the capacitance of 
the plates is 4 nF, sketch the current flowing through the plates. 



(ìiûî îo scalé) 


Figure 7.151 

For Prob. 7.92. 


Chapter 7, Solution 92. 


dv „ 

i = C—=4x10" 
dt 


10 


2x10-' 

-10 


15x10" 


0 < t < It, 


< t < tj^ 


20 illA 0 < t < 2 ms 

- 8 mA 2 ms < t < 2 ms + 5 ps 


i(t) = 

which is sketched below. 
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Chapter 8, Problem 1. 


For the circuit in Fig. 8.62, fìnd: 

(a) /(o^) and v(o^), 

(b) di{^^ )/ dt and dv{^^ )/ dt , 

(c) /(oo)and v(oo). 



For Prob. 8.1. 
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Chapter 8, Solutíon 1. 


(a) At t = 0-, the circuit has reached steady state so that the equivalent eircuit is 
shovm in Figure (a). 



(a) 



6Q 

10 pF 


i(O-) = 12/6 = 2A, v(O-) = 12V 
At t = 0-t, i(0+) = i(O-) = 2A, v(0+) = v(O-) = 12V 

(b) For t > 0, we have the equivalent circuit shown in Figure (b). 

Vl = Ldi/dt or di/dt = Vl/L 
Applying KVL at t = 0+, we obtain, 

Vl(0+)-v(0+)+ 10i(0+) = 0 
Vl(0+)- 12 + 20 = 0, or Vl(0+) = -8 
Hence, di(0+)/dt = -8/2 = -4A/s 

Similarly, ic = Cdv/dt, or dv/dt = ic/C 

ic(0+) = -i(0+) = -2 

dv(0+)/dt = -2/0.4 = -5V/S 

(c) As t approaches infínity, the circuit reaches steady state. 

i(oo) = 0 A. v(oo) = Q V 
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Chapter 8, Problem 2. 


In the drcuit of Fig. 8.63, detennine: 

(a) /jîd), /x(0^), and ic{o^), 

(b) dijf (o^)/ dt, dij (o^)/ dt , and dic (o^)/ dt , 

(c) 4 (co), ;j.(oo),and /V(“)- 

2mH 


25kí2 20 kQ 


80 \ 



Figure 8.63 
ForProb. 8.2. 

Chapter 8, Solution 2. 

(a) At t = 0-, the equivalent circuit is shown in Figure (a). 


25 kn 20 kQ 



25 kn 20 kn 



60||20 = 15kohms, Ìr(O-) = 80/(25 + 15) = 2mA. 
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By the current division principle, 

Ìl(O-) = 60(2mA)/(60-H 20) = 1.5inA 

Vc(O-) = 0 

At t = 0-H, 

vc(O-l-) = vc(O-) = 0 
Ìl(O-i-) = Ìl(O-) = 1.5 mA 
80 = Ìr(0-h)(25 -h 20) -H vc(O-) 

Ìr( 0-^) = 80/45k = 1.778 mA 
But, ÌR = ic-i-ÌL 

1.778 = ic(0+)-l- 1.5 or ic(0+) = 0.278 mA 
(b) vl(0+) = vc(0+) = 0 

But, Vl = Ldic/dt and dÌL(0+)/dt = Vl(0+)/L = 0 
dÌL(0+)/dt = 0 
Again, 80 = 45Ìr + Vc 
0 = 45dÌR/dt + dvc/dt 


But, dvc(0+)/dt = ic(0+)/C = 0.278 mohms/1 pF = 278 V/s 
Hence, dÌR(0+)/dt = (-l/45)dvc(0+)/dt = -278/45 
dÌR(0+)/dt = -6.1778 A/s 

AISO, ÌR = Ìc + ÌL 
dÌR(0+)/dt = dic(0+)/dt + dÌL(0+)/dt 
-6.1788 = dic(0+)/dt + 0, or dic(0+)/dt = -6.1788 A/s 
(c) As t approaches iniïnity, we have the equivalent circuit in Figure (b). 

Ìr(°o) = ÌL^ûo) = 80/45k = 1.778 mA 
ic(oo) = Cdv(oo)/dt = 0. 
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Chapter 8, Problem 3. 


Refer to the circuit shown in Fig. 8.64. Calculate: 

(a) 4 (o4’ (O'' )and Vj, (o^ ), 

(b) di^(^^)ldt, dv^.{^^)ldt,mA dv„{^^)ldt, 

(c) ^(co), v,,(co)and Vj;(co) 


40 n 



-^— vwv - 


'cyïP L 


^ 2u(l) A - 1 5 

(D 7 


Figure 8.64 
ForProb. 8.3. 


Chapter 8, Solution 3. 

At t = O', u(t) = 0. Consider the circuit shown in Figure (a). Ìl(0 ) = 0, andvR(O ) = 
0. But,-VR(0') + Vc(0“) + 10 = 0, or vc(0) = -lOV. 


(a) At t = O^, since the inductor current and capacitor voltage cannot change abruptly, 
the inductor current must still be equal to OA, the capacitor has a voltage equal to 
-lOV . Since it is in series with the +10V source, together they represent a direct 
short at t = O^. This means that the entire 2A from the current source flows 
through the capacitor and not the resistor. Therefore, vr(O^) = 0 V . 
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(b) Att^O"^, Vl(0+) = 0, therefore LdÌL(0+)/dt = vl^O"^) = 0, thus, dÌL/dt = QA/s. 
ic(O^) = 2 A, this means that dvc(0^)/dt = 2/C = 8 V/s . Now for the value of 
dvR(0^)/dt. Since vr = Vc + 10, then dvR(0^)/dt = dvc(0^)/dt + 0 = 8 V/s . 


+ 


Vr 


10 a 


40 40 Í2 




(c) As t approaches infínity, we end up with the equivalent circuit shown in 
Figure (b). 


Ìl(oo) = 10(2)/(40+ 10) = 400 mA 
vc(oo) = 2[10||40]-10 = 16-10= ^ 
vr(oo) = 2[ 101140] = 16V 
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Chapter 8, Problem 4. 


In the circuit of Fig. 8.65, fínd: 

(a) v(o^) and /(o^), 

(b) í/v(o ^)/dt and í//(o^ )/ dt , 

(c) v(oo) and /(oo). 


3Q 


0.25 H 


40m(-í) V 


— VWv TÍÌP - 



i 

+ 


A 0.1 F = 

= \’ < 





(j ^ 4i/(í) > 


Figure 8.65 
ForProb. 8.4. 


Chapter 8, Solution 4. 

(a) At t = O', u(-t) = 1 and u(t) = 0 so that the equivalent circuit is shown in 
Figure (a). 

i(O') = 40/(3+5) = 5A, andv(O') = 5i(0) = 25V. 

Hence, i(O^) = i(0) = ^ 


v(O^) = v(0) = 


3Q 


40V 




-9 


5Í2 


-9 


3 Q 0.25 H 



(b) 
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(b) ic = Cdv/dt or dv(0^)/dt = ic(0'^)/C 

For t = O^, 4u(t) = 4 and 4u(-t) = 0. The equivalent circuit is shown in Figure (b). 
Since i and v cannot change abruptly, 

ÌR = v/5 = 25/5 = 5A, i(O^) -t 4 =ic(0^) + Ìr(0") 

5 + 4 = ic(O^) + 5 which leads to ic^O"^) = 4 

dv(0'')/dt = 4/0.1 = 4QV/S 


Similarly, Vl = Ldi/dt which leads to di(0^/dt = vl(0^)/L 

3i(0^) + vl(O^) + v(O^) = 0 
15 + Vl(0'') + 25 = 0 or Vl(O^) = -40 
di(0^)/dt = -40/0.25 = -160 A/s 

(c) As t approaches iníïnity, we have the equivalent circuit in Figure (c). 


3Q 



i(oo) = -5(4)/(3 + 5) = -2.5 A 
v(oo) = 5(4 - 2.5) = 7.5 V 
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Chapter 8, Problem 5. 


Refer to the circuit in Fig. 8.66. Determine: 

(a) i{p ) and v(o^), 

(b) dilp ^)/ dt and dvip ^)/ dt , 

(c) /(oo) and v(oo). 


1 H 



ForProb. 8.5. 
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Chapter 8, Solution 5. 


(a) For t < 0, 4u(t) — 0 so that the circuit is not active (all iuitial couditions — 0). 

Ìl(O-) = 0 and Vc(O-) = 0. 

For t = 0+, 4u(t) = 4. Consider the circuit below. 



Since the 4-ohm resistor is in parallel with the capacitor, 

i(0+) = Vc(0+)/4 - 0/4 - 0 A 

Also, since the 6-ohm resistor is in series with the inductor, 
v(0+) = 6Ìl(0+) = OV. 


(b) di(0+)/dt = d(vR(0+)/R)/dt = (l/R)dvR(0+)/dt = (l/R)dvc(0+)/dt 

= (1/4)4/0.25 A/s = 4A/S 

V = 6Ìl or dv/dt = 6dÌL/dt and dv(0+)/dt = 6dÌL(0+)/dt = 6vl(0+)/L = 0 
Therefore dv(0+)/dt = Q V/s 

(c) As t approaches infínity, the circuit is in steady-state. 

i(oo) = 6(4)/10 = 2.4 A 
v(oo) = 6(4 - 2.4) = 9.6 V 



Chapter 8, Problem 6. 


In the circuit of Fig. 8.67, íìnd: 

(a) Vj;(0^) and v^^O^), 

(b) í/vj;(o^)/í// and <iv^(o^)/í//, 

(c) Vj,(co) and v^^co). 


R, R 



ForProb. 8.6. 
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Chapter 8, Solutíon 6. 

(a) Let i = the inductor current. For t < 0, u(t) = 0 so that 


i(0) = 0 and v(0) = 0. 

For t > 0, u(t) = 1. Since, v(0+) = v(O-) = 0, and i(0+) = i(O-) = 0. 
Vr(0+) = Ri(0+) = ^ 

Also, since v(0+) = Vr(0+) + Vl(0+) = 0 = 0 + Vl(0+) or Vl(0+) = 0 V . 


( 1 ) 

(b) Since i(0+) = 0, ic(0+) = Vs/Rs 

But, ic = Cdv/dt which leads to dv(0+)/dt = Vs/(CRs) (2) 

From(l), dv(0+)/dt = dvR(0+)/dt + dvL(0+)/dt (3) 

vr = iR or dvR/dt = Rdi/dt (4) 

But, vl = Ldi/dt, vl(0+) = 0 = Ldi(0+)/dt anddi(0+)/dt = 0 (5) 

From (4) and (5), dvR(0+)/dt = 0 V/s 


From (2) and (3), dvL(0+)/dt = dv(0+)/dt = VJ(CR.t 

(c) As t approaches iníìnity, the capacitor acts like an open circuit, while the inductor 
acts like a short circuit. 

Vr(oo) = ÍR/tR + R,llV. 
vl(oo) = OV 
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Chapter 8, Problem 7. 


A series circuit hasT? = 10kn, L = 0.1 mH, and C = 10//F. What type of damping 
is exhibited by the circuit? 

Chapter 8, Solution 7. 

10x1 


R 

a- — = 


2L 2x0.1x10^^ 


= 50x10' 


Oìr, = 


a> (Or, 


^ Vo. 1x10"^xl 0x10"' 
—> overdamped 


= 3.162x10" 


Chapter 8, Problem 8. 

A branch current is described by 

íLá)+4í!® + 10i(,) = 0 

dt^ dt ^ ^ 

Determine: (a) the characteristic equation, (b) the type of damping exhibited by the 
circuit, (c) /(/)given that z(o) = 1 and di(^)ldt = 2 . 

Chapter 8, Solution 8. 


(a) The characteristic equation is + 45 + 10 = 0 


(^) ^ 1,2 “ 


—4 + a/I 6 — 40 
2 


-2 + Ì2.45 


This is underdamped case. 


(c) /(f) = (Acos 2.45f + 6 sin 2.45í)e 

— = (-2 A cos 2.45f - 26 sin 2.45f - 2.45 A sin 2.45f + 2.45B cos 2.45f )e""' 
df 

i(0)=l =A 

di(0)/dt = 2 = -2A + 2.45B = -2 + 2.45B or B = 1.6327 

i(t) = ícost2.45tì + 1.6327sin(2.45tBe'^* A . 


Please note that this problem can be checked using MATLAB. 
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Chapter 8, Problem 9. 


The current in an RLC eircuit is described by +10 — + 25/ = 0 

dt^ dt 

If /(o) = 10 and di(0)l dt find /(/) for / > 0. 


Chapter 8, Solution 9. 


s^+lOs + 25 = 0, thus si ,2 = 


-1Q±a/1Q-1Q 

2 


= -5, repeated roots. 


i(t) = [(A± Bt)e^'], i(Q) = IQ = A 
di/dt = [Be'^'] ± [-5(A ± Bt)e'^'] 


di(Q)/dt = Q = B - 5A = B - 5Q or B = 5Q. 
Therefore, i(t) = ItlO ± 5Qtìe'^*1 A 


Chapter 8, Problem 10. 


The differential equation that describes the voltage in an RLC network is 

d^v ^dv . _ 

dt dt 

Given that v(o) = 0 , dv{Q)l = 10 obtain v(/). 


Chapter 8, Solution 10. 


s^ + 5s + 4 = 0, thus Si 2 = ——= -4, -1. 

2 

v(t) = (Ae'^' + Be'), v(0) = 0 = A + B, or B = -A 
dv/dt = (-4Ae-^' - Be ') 

dv(0)/dt = 10 = -4A-B = -3A or A = -10/3 and B = 10/3. 

Therefore, v(t) = (-(10/3ìe'^^ + (10/3ìeY 
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Chapter 8, Problem 11. 


The natural response of an RLC circuit is described by the differential equation 

d\ ^dv 
^ + 2 — + v = 0 
dt dt 

for which the initial conditions are v(o) = 10 and dv{pí)l = 0 Solve for v(/) 


Chapter 8, Solution 11. 

s^ + 2s + 1 = 0, thus si ,2 = 


— 2 + Vt — 4 
2 


= -1, repeated roots. 


v(t) = [(A + Bt)e-'], v(0) = 10 = A 
dv/dt = [Be'^] + [-(A + Bt)e-'] 
dv(0)/dt = 0 = B-A = B - 10 or B = 10. 
Therefore, v(t) = 1(10 + lOtìe'^1 V 


Chapter 8, Problem 12. 

If 7? = 20Q,Z = 0.6 H what value of C will make an RLC series circuit; 

(a) overdamped, 

(b) critically damped, 

(c) underdamped? 

Chapter 8, Solution 12. 

(a) Overdamped when C > 4L/(R^) = 4x0.6/400 = 6x10"^, or C > 6 mF 

(b) Critically damped when C = 6 mF 

(c) Underdamped when C < 6mF 
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Chapter 8, Problem 13. 

For the circuit iii Fig. 8.68, calculatc thc valuc of R nccdcd to havc a critically dampcd 
rcsponsc. 


60 D 


R 

-AAAAr- 


O.Oi F 


4H 


Figure 8.68 
ForProb. 8.13. 


Chapter 8, Solution 13. 


LctR||60 = Ro. For a scrics RLC circuit, 


COo = 


1 


1 


= 5 


Vlc V0.01x4 
For critical damping, coo = a = Ro/(2L) = 5 
or Ro = lOL = 40 = 60R/(60 + R) 
which lcads to R = 120 ohms 
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Chapter 8, Problem 14. 

The switch in Fig. 8.69 moves from position Â to position B slì í = 0 (please note that the 
switch must connect to point B before it breaks the connection at a make-before-break 
switch). Find v(/)for / > 0 



: 10 o 


For Prob. 8.14. 


Chapter 8, Solution 14. 

20 

When the switch is in position A, v(0')= 0 and /^(0) = — = 0.5A. When the switch is in 


position B, we have a source-free series RCL circuit. 


R ^ 10 
2L ~ 2x4 


1.25 




Vlc 


x4 


Since a> have overdamped case. 


5, 2 = -a + ^ja^ -(o^ = -1.25± Vl .5625-1 = -0.5and-2 


v(t) = Ae"^'+ 


v(0) = 0 = A + B 


( 1 ) 

( 2 ) 


/c(0) = C 


dv(0) 

dt 


0.5 


dv(0) _ 0.5 
dt ~ C 


But 


= -2Ae“^‘ - 0.5Be“°-^' 
dt 

dv(0) 


dt 


= -2A-0.5B = 2 


Solving (2) and (3) gives A= -1.3333 and B = 1.3333 


2 


(3) 


v(t) = -1.3333e'^'+ 1.3333e'‘*-^'V . 
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Chapter 8, Problem 15. 


The responses of a series RLC circuit are 
v,(í) = 30-10é--“ +30é--‘"'V 
4(í)-40e’'“' -60e'‘“'mA 

where v^, and are the capaeitor voltage and inductor eurrent, respeetively. Determine 
the values of R, L, and C. 

Chapter 8, Solution 15. 

Giventhat si = -10 and S 2 = -20, wereeallthat 

si,2 = -a±^a^ -cû„ = -10,-20 

Clearly, Si + s^ = -2a = -30 or a = 15 = R/(2L) or R = 60L (1) 

Si = -15±^Ì5^ -(al = -10 which leads to 15^- coo^ = 25 

or (Oo = V225-25 = V^ = i/^/lC, thus LC = 1/200 (2) 

Since we have a series RLC circuit, Ìl = ic = Cdvc/dt which gives, 

Ìl/C = dvc/dt = [200e'^°‘ - 3006^®^] or L = 100C[2e'^“‘ - 3e'^“‘] 

But, i isalso = 20{[2e^‘‘‘-3e-^‘‘‘]xl0-^} = lOOC^^e'^”'-3^^°'] 

Therefore, C = (0.02/10^) = 200 uF 
L = 1/(200C) = 25H 
R = 30L = 750 ohms 
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Chapter 8, Problem 16. 


Find /(/) for / > 0 in the circuit of Fig. 8.70. 


/ = o 



Figure 8.70 

For Prob. 8.16. 


Chapter 8, Solution 16. 

At t = 0, i(0) = 0, vc(0) = 40x30/50 = 24V 
For t > 0, wc havc a sourcc-frcc RLC circuit. 

a = R/(2L) = (40 + 60)/5 = 20 and coo = ^ = 20 

VLC V10^^x2.5 


coo = ot lcads to critical damping 
i(t) = [(A + Bt)e'^*^], i(0) = 0 = A 
di/dt = {[Be^°'] + [-20(Bt)e'^“']}, 
but di(0)/dt = -(l/L)[Ri(0)+vc(0)] = -(l/2.5)[0 + 24] 
Hence, B = -9.6 or i(t) = í-9.6te~^"*1 A 
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Chapter 8, Problem 17. 

In the circuit of Fig. 8.71, the switch instantaneously moves from position^ to 5 at / = 0 
Find v(/) for all / > 0 


/ = o 


15 A 


Figure 8.71 

For Prob. 8.17. 

Chapter 8, Solution 17. 


0.25 H 



0.04 F -p V (í) 


i(0) = lo = 0, v(0) = Vo = 4x15 = 60 

^ = -f (RIo + Vo) = -4(0 + 60) = -240 
dt L 


1 


1 


COn = 


^ ÍTT 

4 25 


= 10 


R 10 

a = — = —- = 20, whichis> co... 

2L 2Ì 

4 




o =-20 ±V3ÔÔ =-20 ±10V3 =-2.679,-37.32 


i(t) = Aie-2-679t+A2e-37-32‘ 

i(0) = 0 = Ai + A 2 , = -2.679Aj - 37.32^2 = -240 

dt 

ThisleadstoA| = -6.928 = -A^ 
i(t) = 6.928(e'--e 


5 928(,-37.32t-e-2.679t) 


Since,v(t) = — j^i(t)dt±const, and v(0) = 60V,weget 


v(t) = (64.65e'^-^^^^ - 4.641e'" V 


-37.32K 


We note that v(0) = 60.009V and not 60V. This is due to rounding errors since v(t) 
must go to zero as time goes to infínity. {In other ^ords, the constant of integration 
must be zero. 
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Chapter 8, Problem 18. 


Find the voltage across the capacitor as a function of time for / > 0 for the circuit in Fig. 
8.72. Assume steady-state conditions exist at / = 0 



Figure 8.72 

For Prob. 8.18. 


Chapter 8, Solution 18. 

When the switch is off, we have a source-free parallel RLC circuit. 

co^ = ,- = ■ =2, a = -= 0.5 

VZC V0.25xl 2RC 

oc<(o„ - > underdamped ease (o^ = ■Jcoj' -a^ = 74-0.25 = 1.936 

Io(0) = i(0) = initial inductor eurrent = 20/5 = 4A 

Vo(0) = v(0) = initial eapacitor voltage = 0 V 

v{t) - e"'*(^i cosíy^/ + .42 siníy^t) = cosl.936í + sin 1.936/) 

v( 0 ) =0 = Ai 

— = (-0.5)(Ai cos 1.936/ + sin 1.936/) + (-1.936^ sin 1.936/ +1.936^ cos 1.936/) 


^( 0 ) 

dt 

Thus, 


{v.+RIq) 

RC 


(0 + 4) 
1 


=-4 = - 0.54 +1.9364 


v(/) = -2.066e"“'' sin 1.936/ 


4 = -2.066 
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Chapter 8, Problem 19. 

Obtain v(/) for / > 0 in the circuit of Fig. 8.73. 



+ 

V = 

= 1 F 

120 V Q 

loa - 

1-WVV-- 

r+ 

ì 

Figure 8.73 


ForProb. 8.19. 



Chapter 8, Solution 19. 

For t < 0, thc cquivalcnt circuit is shown in Figurc (a). 


10 Q 


120V 




i(0) = 120/10 = 12, v(0) = 0 


For t > 0, wc havc a scrics RLC circuit as shown in Figurc (b) with R = 0 = a. 


COo = 


1 

Vlc 


-\= = 0.5 = cod 

V4 


i(t) = [Acos0.5t + Bsin0.5t], i(0) = 12 = A 
V = -Ldi/dt, and -v/L = di/dt = 0.5[-12sin0.5t + Bcos0.5t], 
which lcads to -v(0)/L = 0 = B 
Hcncc, i(t) = 12cos0.5tA and v = 0.5 

Howcvcr, V = -Ldi/dt = -4(0.5)[-12sin0.5t] = 24sm0.5t V 
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Chapter 8, Problem 20. 

The switch in the circuit of Fig. 8.74 has been closed for a long time but is opened at 
/ = 0 Determine /(/) for / > 0. 

/(0 


- TÌHP - 

12 V 

-^vvvv - 

1 p 

4 ^ 

í=0 


Figure 8.74 
ForProb. 8.20. 


Chapter 8, Solution 20. 

For t < 0, the equivalent circuit is as shown below. 


2Q 



v(0) = -12V and i(0) = 12/2 = 6A 


For t > 0, we have a series RLC circuit. 

a = R/(2L) = 2/(2x0.5) = 2 

coo = 1/Vl^ = l/V0.5xl/4 = 2 V 2 


Since a is less than coo, we have an under-damped response. 

= V8-4 = 2 

i(t) = (Acos2t + Bsin2t)e'^^ 


i(0) = 6=A 

di/dt = -2(6cos2t + Bsin2t)e'^^ + (-2x6sin2t + ^Bcos^t^e'*^^ 
di(0)/dt = -12 + 2B = -(l/L)[Ri(0)+Vc(0)] = -2[12-12] = 0 

Thus, B = 6 and i(t) = f6cos2t + 6sin2t)e'^^ A 
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Chapter 8, Problem 21. 

ps 

* Calculate v(/) for / > 0 in the circuit of Fig. 8.75. 


15 0 



For Prob. 8.21. 

* An asterisk indicates a challenging problem. 
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Chapter 8, Solution 21. 


By combining some resistors, the circuit is equivalent to that shown below. 
6011(15 + 25) = 24ohms. 



At t = 0-, i(0) = 0, v(0) = 24x24/36 = 16V 

For t > 0, we have a series RLC circuit. R = 30 ohms, L = 3 H, C = (1/27) F 

a = R/(2L) = 30/6 = 5 

co^ = 1 /VlC = 1/V3xl/27 = 3, clearlya>C0o (overdampedresponse) 

si,2 = -a±7a"-ro" =-5±V5"-3" = -9,-1 

v(t) = [Ae’' ±Be''^'], v(0) = 16 = A±B (1) 

i = Cdv/dt = C[-Ae ' - OBe’^] 
i(0) = 0 = C[-A-9B] or A = -9B (2) 

From (1) and (2), B = -2 and A = 18. 

Hence, v(t) = tlSe* -2e'’*ÌV 
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Chapter 8, Problem 22. 

Assuming i? = 2kíl, design a parallel RLC circuit that has the characteristic equation 
+1005 + 10'" =0. 


Chapter 8, Solution 22. 


Compare the characteristic equation with eq. (8.8), i.e. 
2 ^ 1 n 

5 H-S H- — 0 

L LC 

we obtain 

^ = 100 - 
L 




100 100 
— = 1 o‘ ^ c = -L- = lA 

LC lO'L 20 


= 50 nF 


Chapter 8, Problem 23. 


For the network in Fig. 8.76, what value of C is needed to make the response 
underdamped with unity damping factor a =1 ? 


10 n 



Figure 8.76 
ForProb. 8.23. 


Chapter 8, Solution 23. 

Let Co = C + 0.01. For a parallel RLC circuit, 

a = l/(2RCo), coo = 1 /VlC 

a = 1 = l/(2RCo), wethenhaveCo = 1/(2R) = 1/20 = 50 mF 
(Oo = 1/V0.5x0.5 = 6.32 > a (underdamped) 

Co = C + 10 mF = 50 mF or 40 mF 
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Chapter 8, Problem 24. 


The switch in Fig. 8.77 moves from position A to position 5 at / = 0 (please note that the 
switch must connect to point B before it breaks the connection at A, a make-before-break 
switch). Determine /(/)for / > 0 


I I i(t) 

10 Í1 3 0.25 H 


Figure 8.77 
ForProb. 8.24. 


4A 


0) 




>20 0 =blOmF 


= 0 


Chapter 8, Solution 24. 

When the switch is in position A, the inductor acts like a short circuit so 

/(0-) = 4 

When the switch is in position B, we have a source-free parallel RCL circuit 
1 _ 1 
2RC 2x10x10x10-^ 


6^0 


1 

Vlc 



J 

xlOxlO-^ 


= 20 


Since a < 0 )^, we have an underdamped case. 


di 

V = L — 
dt 


S| 2 = -5 + V25- 400 = -5 + jl 9.365 
i(t) = 0 -^' (A, cos 19.365f + A 2 sin 19.365f) 
í(0) = 4 = A, 

_, d/(0)_v(0)_ 

dt L 


^ = e-^' (-5A, cosl 9.365f - ^A^ sin 19.365f -19.365A, sinl 9.365f +19.365^^ cosl 9.365f) 


0 = ® = -5A, +19.365^2 


5A 


19.365 


= 1.033 


/(f) = e-^' (4cos 19.365f +1.033 sin 19.365f) 
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Chapter 8, Problem 25. 


Inthe circuit of Fig. 8.78, calculate i^{f) and v^(/) for / > 0 

2 0 1 H 

+ 

vvXí) 

Figure 8.78 

ForProb. 8.25. 


30 V 
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Chapter 8, Solution 25. 


In the circuit in Fig. 8.76, calculate io(t) and Vo(t) for t>0. 



At t = O', Vo(0) = (8/(2 + 8)(30) = 24 

For t > 0, we have a source-ffee parallel RLC circuit. 

a = 1/(2RC) = % 

C0o= 1 /VlC = 1/V1x1/4 =2 

Since a is less than cOo, we have an under-damped response. 

coj = = 74-(1/16) =1.9843 


Vo(t) = (A]cosc0dt + A2sinc0dt)e'“ 

Vo(0) = 30(8/(2+8)) = 24 = Ai and io(t) = C(dVo/dt) = 0 when t = 0. 

dVo/dt = -a(AicoscOdt + A 2 sinc 0 dt)e'“' + (-cOdAisincOdt + C 0 dA 2 Cosc 0 dt)e'“^ 

at t = 0, we get dVo(0)/dt = 0 = -aAi + cOdA^ 

Thus, A 2 = (a/cOd)Ai = (l/4)(24)/1.9843 = 3.024 

Vo(t) = (24cosl.9843t + 3.024sinl.9843tle'*^"* volts . 

io(t) = Cdv/dt = 0.25[-24(1.9843)sinl.9843t + 3.024(1.9843 )cosl.9843t- 
0.25(24cosl.9843t) - 0.25(3.024sinl.9843t)]e 

= ÍO.QOQ131cosl.9843t- 12.Q95sinl.9843tle~*^^ A . 
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Chapter 8, Problem 26. 

The step response of an RLC circuit is described by 

d^i di 

—+ 2 —+ 5/ = 10 

dt dt 

Given that i{o) = 2 and di{o)/dt - 4 , solve for /(/) 


Chapter 8, Solution 26. 

s^ + 2s + 5 = 0, whichleadsto Si ,2 


- 2 + V4 - 20 


2 


-l+j4 


i(t) = Is + [(Aicos4t + A2SÌn4t)e"'], = 10/5 = 2 

i(0) = 2 = = 2+Ai, or Ai = 0 
di/dt = [(A2Cos4t)e'^] + [(-A2sin4t)e'^] = 4 = 4A2, or A^ = 1 
i(t) = 2 + sin4te~^ A 

Chapter 8, Problem 27. 

A branch voltage in an RLC circuit is described by 

d^v , dv ^ 

—- + 4 — + 8v = 24 
dt dt 

If the initial conditions are v(o) = 0 = dv{o)l dt , fínd v(/). 


Chapter 8, Solution 27. 

s^ + 4s + 8 = 0 leads to s = —^ = -2 + j2 

2 

v(t) = Vs + (Aicos2t + A2sin2t)e“^^ 

8Vs = 24 means that Vs = 3 
v(0) = 0 = 3 + Ai leads to Ai = -3 
dv/dt = -2(Aicos2t + A2sin2t)e’^^ + (-2Aisin2t + 2A2Cos2t)e’^^ 

0 = dv(0)/dt = -2Ai + 2 A 2 or A 2 = Ai = -3 
v(t) = 13 - 3(cos2t + sin2tle"^^1 volts 
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Chapter 8, Problem 28. 

A series RLC circuit is described by 


, d^i ^ di 
L — + R — 
dt dt 



= 2 


Find the response when Z = 0.5H,i? = 4Q, 
and C = 0.2 F. Let ;(o) = l,di{())l dt = 0 . 


Chapter 8, Solution 28. 

The characteristic equation is 

Ls^+Rs + —= 0 -> — s^+4s + —= 0 - > s^+8s + 10 = 0 

C 2 0.2 


^ 1,2 “ 


-8±V64-40 -6.45and-l. 


5505 


6.45t , D -1.5505t 


i(t) = is +Be 


But ^ = 2- >1=-^-= 20 

LC ' 0.5X0.2 


i(t) = 20 + 


i(0) =1=20 + A + B orA + B = -19 


^^ =-1.5505e"^-^^®^' 

dt 

but = 0 = -6.45A -1.5505B 
dt 


Solving(l)and(2)gives A= 6.013, B=-25.013 
Hence, 


i(t) = 20 + 6.013e~'’''^' -25.013e~^ A . 


-1.5505t 


( 1 ) 

( 2 ) 
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Chapter 8, Problem 29. 


Solve the following differential equations subject to the specitìed initial conditions 

(a) d^v!dt^ +Av- 12, v(o) = 0, rfv(o)/ dt -1 

(b) d^i I dt^ +5 di I dt + 4/ = 8, i{o) - - 1 , di{o)/dt -0 

(c) d^v/dt^ + 2 dv/dt + v- Z, v(o) = 5, dv{o)ldt - \ 

(d) d^i /dt^ =2 di /dt = 5i = ì 0, i{o) = 4, di{o)/dt = -2 

Chapter 8, Solution 29. 

(a) s^ + 4 = 0 whichleadsto Si ,2 = ±j2 (an undamped circuit) 

v(t) = Vs + Acos2t + Bsin2t 
4Vs = 12 or Vs = 3 
v(0) = 0 = 3+A or A = -3 
dv/dt = -2Asin2t + 2Bcos2t 

dv(0)/dt = 2 = 2B or B = 1, therefore v(t) = (3 - 3cos2t + sin2t) Y 

(b) s^ + 5s + 4 = 0 whichleadsto si ,2 = -1,-4 

i(t) = (Is + Ae-' + Be-'^') 

4Is = 8 or Is = 2 

i(0) = -1 = 2+A + B, or A + B = -3 (1) 

di/dt = -Ae"' - 4Be-^' 

di(0)/dt = 0 = -A-4B, or B = -A/4 (2) 

From (1) and (2) we get A = -4 andB = 1 

i(t) = (2-4e~^ + e^^I A 
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(c) + 2s + 1 — 0, Si ,2 ~ "l»"! 


v(t) = [Vs + (A + Bt)e''], Vs = 3. 
v(0) = 5 = 3+A orA = 2 
dv/dt = [-(A + Bt)e''] + [Be''] 
dv(0)/dt = -A + B = lorB = 2+ l= 3 
v(t) = 13 + (2 + 3tìe~*1 V 


(d) s^+ 2s+5 = 0, Si,2 = -1 +j2, -1 -j2 

i(t) = [Is + (Acos2t + Bsin2t)e'^], where 5Is = 10 or h = 2 
i(0) = 4 = 2 + AorA = 2 
di/dt = [-(Acos2t + Bsin2t)e''] + [(-2Asin2t + 2Bcos2t)e'*] 
di(0)/dt = -2 = -A + 2B or B = 0 
i(t) = 12 + I2cos2tle'*l A 
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Chapter 8, Problem 30. 


The step responses of a series RLC circuit are 


Vc =40-10e-“""' -10e-‘'“""'V, 

? > 0 

/;(í) = 3C°""“'+6c-^“""' mA, 

t > 0 


(a) Find C. (b) Determine what type of damping is exhibited by the circuit. 


Chapter 8, Solution 30. 

(a) = = (1) 

— = 2000x1+ 4000x10e'"°°°' = 2x10"(e""°“' + 2e""°“') (2) 

dt i ; w 

But /; (f) = 3[e-"°”' + 2e""°°°' ] x 10'° (3) 

Substituting (2) and (3) into (1), we get 

2x10^x0 = 3x10 ° -> C = 1.5xl0"" = 150 nF 

(b) Since s, = - 2000 and s^ = - 4000 are real and negative, it is an overdamped case. 
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Chapter 8, Problem 31. 

ps 

Considerthe circuitin Fig. 8.79. Find v^(o^) and v^(o^) 


40 íi 10 n 



Figure 8.79 

For Prob. 8.31. 


Chapter 8, Solution 31. 

Fort = 0-, wehave the equivalent circuit in Figure (a). Fort = 0+, the equivalent 
circuit is shown in Figure (b). By KVL, 

v(0+) = v(O-) = 40, i(0+) = i(O-) = 1 


By KCL, 2 = i(0+) + ii = 1 + ii which leads to ii = 1. ByKVL, -Vl + 40ii + v(0+) 
= 0 which leads to Vl(0+) = 40x1 + 40 = 80 

Vl(0+) = 80V, vc(0+) = 40V 
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Chapter 8, Problem 32. 

ps 

For the circuit in Fig. 8.80, find v(/) for / > 0. 



50ií(í) V 

Figure 8.80 

For Prob. 8.32. 
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Chapter 8, Solution 32. 


For t = 0-, the equivalent circuit is shown below. 



60 

i(O-) = 0, v(O-) = -2x6 = -12V 
For t > 0, we have a series RLC circuit with a step input. 

a = R/(2L) = 611 = 3, (Oo = 1 /^/lC = l/VÔÔÏ 
s = - 3 ± V9-25 = -3 ± j4 
Thus, v(t) = Vf ± [(Acos4t ± Bsin4t)e'^*] 
where Vf = final capacitor voltage = 50 V 
v(t) = 50 + [(Acos4t + Bsin4t)e'^^] 
v(0) = -12 = 50 + A whichgivesA = -62 
i(0) = 0 = Cdv(0)/dt 

dv/dt = [-3(Acos4t + Bsin4t)e'^^] + [4(-Asin4t + Bcos4t)e'^^] 
0 = dv(0)/dt = -3A + 4B or B = (3/4)A = -46.5 
v(t) = 150 + í(-62cos4t - 46.5sin4tìe'^^B V 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reseived. No p ait 
of this Manual may be displayed. reproduced or distributed in any foim or by any means. without the prior 
written peimission of the publisher. or used beyond the limited distiibution to teachers and educators 
peimitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without peimission. 


Chapter 8, Problem 33. 

ps 

Find v(/) for / > 0 in the circuit of Fig. 8.81. 


^ ^ 





- 2nnp — 


3 A (1 

^ 10 o < 

^ + 

> ^ 

= 4F 5 a < 



Figure 8.81 

For Prob. 8.33. 
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Chapter 8, Solution 33. 


We may transform the current sources to voltage sources. For t = O', the equivalent 
circuit is shown in Figure (a). 


30V 



10 

+ 


i 

♦- 



5Í2 


(a) 



i(0) = 30/15 = 2A, v(0) = 5x30/15 = lOV 
For t > 0, we have a series RLC circuit, shown in (b). 

a = Ry(2L) = 5/2 = 2.5 

co^ = 1 /VlC = l/VÏ = 0.5, clearly a>C0o (overdamped response) 

si ,2 = - a ± - (ol = -2.5 ± V6.25 - 0.25 = -4.95, -0.0505 

v(t) = Vs± [Aie-'*'^^' +A 2 e°“‘’^'], V^ = 20. 

v(0) = 10 = 2 O + A 1 + A 2 or 

A2 = -10-Ai (1) 

i(0) = Cdv(0)/dt or dv(0)/dt = 2/4 = 1/2 

Hence, 0.5 = -4.95Ai - 0.0505^2 (2) 

From (1) and (2), 0.5 =-1.95Ai + 0.505(10 + Ai) or 

^.445Ai =-0.005 

Ai = 0.001125, A 2 = -10.001 

v(t) = 120 + 0.0Q1125e~^ ’^* - lO.QOle ” V 
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Chapter 8, Problem 34. 

Calculate /(/) for / > 0 in the circuit of Fig. 8.82. 

+ V — 



Figure 8.82 

ForProb. 8.34. 


Chapter 8, Solution 34. 

Before t = 0, the capacitor acts like an open circuit while the inductor behaves like a short 
circuit. 

i(0) = 0, v(0) = 20 V 

For t > 0, the LC circuit is disconnected from the voltage source as shown below. 



This is a lossless, source-ffee, series RLC circuit. 

a = Ry(2L) = 0, 0 ) 0 = 1/^/lC = 1/ 


1 1 

-h — 

16 4 


8 , s= ±j 8 


Since a is less than 0 )o, we have an underdamped response. Therefore, 
i(t) = A|Cos8t + A 2 sin 8 t where i(0) = 0 = Ai 
di(0)/dt = (1/L)vl(0) = -(1/L)v(0) = -4x20 = -80 
However, di/dt = 8 A 2 Cos 8 t, thus, di(0)/dt = -80 = 8 A 2 which leads to A 2 = -10 
Now we have i(t) = -lOsinSt A 
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Chapter 8, Problem 35. 


Determine v(/) for / > 0 in the circuit of Fig. 8.83. 



1 H 


Figure 8.83 

ForProb. 8.35. 

Chapter 8, Solution 35. 

Att = 0-, Ìl(0) = 0, v(0) = vc(0) = 8V 
For t > 0, we have a series RLC circuit with a step input. 


a = R/(2L) = 2/2 = 1, ©□= 1/VlC = l/VTTs = Vs 



v(t) = Vs + [(Acos2t + Bsin2t)e^, Vs = 12. 
v(0) = 8 = 12 + A orA = -4, i(0) = Cdv(0)/dt = 0. 
But dv/dt = [-(Acos2t + Bsin2t)e'^] + [2(-Asin2t + Bcos2t)e"^] 
0 = dv(0)/dt = -A + 2B or 2B = A = -4 and B = -2 
v(t) = U2-(4cos2t +2sm2tìe'W . 
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Chapter 8, Problem 36. 

Obtain v(/) and /(/) for / > 0 in the circuit of Fig. 8.84. 

5H ID 



Figure 8.84 

ForProb. 8.36. 


Chapter 8, Solution 36. 

Fort = 0-, 3u(t) = 0. Thus, i(0) = 0, andv(O) = 20 V. 
For t > 0, we have the series RLC circuit shown below. 



si ,2 = - a ± -yja^ - (úl - -0.8 ± jO.6 

v(t) = Vs + [(Acos0.6t + Bsin0.6t)e"^‘^^] 

Vs = 15 + 20 = 35V and v(0) = 20 = 35 + A orA = -15 
i(0) = Cdv(0)/dt = 0 

But dv/dt = [-0.8(Acos0.6t + Bsin0.6t)e"^-^'] + [0.6(-Asin0.6t + Bcos0.6t)e"^-^'] 

0 = dv(0)/dt = -0.8A + 0.6B which leads to B = 0.8x(-15)/0.6 = -20 
v(t) = 135 - [fl5cos0.6t + 20sin0.6tte"^-^^B V 
i = Cdv/dt = 0.2{[0.8(15cos0.6t + 20sin0.6t)e"^-^'] + [0.6(15sin0.6t-20cos0.6t)e"^-^']} 

i(t) = r(5sinQ.6t)e'^-^^1 A 
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Chapter 8, Problem 37. 

* For the network in Fig. 8.85, solve for /(/) for / > 0. 



For Prob. 8.37. 

* An asterisk indicates a challenging problem. 

Chapter 8, Solution 37. 

For t = 0-, the equivalent circuit is shown below. 



-30 + 6(ii-Ì2)+10 = 0 or ii-Ì 2 = 10/3 (2) 

From (1) and (2). ii = 5, Ì 2 = 5/3 

i(0) = ii = 5A 


-10-6Ì2 + v(0) = 0 
v(0) = 10 + 6x5/3 = 20 
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For t > 0, we have a series RLC circuit. 


R = 6||12 = 4 

cûo = 1 /VlC = l/V(l/2)(l/8) = 4 

a = R/(2L) = (4)/(2x(l/2)) = 4 

a = cOo, therefore the circuit is critically damped 

v(t) = Vs+[(A + Bt)e“^*], andVs = 10 

v(0) = 20 = 10 + A, or A = 10 

ic = Cdv/dt = CH(10 + Bt)e'''] + C[(B)e-^'] 

To fínd ic(0) we need to look at the circuit right after the switch is opened. At this time, 
the current through the inductor forces that part of the circuit to act like a current source 
and the capacitor acts like a voltage source. This produces the circuit shovm below. 
Clearly, ic(0+) must equal -Ìl(0) = -5A. 



ic(0) = -5 = C(^0 + B) which leads to -40 = -40 + B or B = 0 
ic = Cdv/dt = (l/8)H(10 + 0t)e'''']+ (l/8)[(0)e''"] 

ic(t) = [-(l/2)(10)e-^'] 
i(t) = -ic(t) = rSe-^*] A 
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Chapter 8, Problem 38. 


Refer to the circuit in Fig. 8.86. Calculate z(/) for / > 0 


2u(-t) A 



ForProb. 8.38. 
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Chapter 8, Solutíon 38. 


At t = O', the equivalent circuit is as shown. 

2 A 



i(0) = 2A, ii(0) = 10(2)/(10+ 15) = 0.8 A 
v(0) = 5ii(0) = 4V 

For t > 0, we have a source-ÌTee series RLC circuit. 

R = 511(10+10) = 4ohms 
coo = 1/VlC = l/V(l/3)(3/4) = 2 
a = R/(2L) = (4)/(2x(3/4)) = 8/3 
si ,2 = - a + — (úl = -4.431, -0.903 

i(t) = [Ae'''''^‘' + Be'“'^“'] 

i(0) = A + B = 2 (1) 

di(0)/dt = (1/L)[-Ri(0) + v(0)] = (4/3)(-4x2 + 4) = -16/3 = -5.333 

Hence, -5.333 = -4.431A-0.903B (2) 

From (1) and (2), A = 1 and B = 1. 
i(t) = A 
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Chapter 8, Problem 39. 


Determine v(/) for / > 0 in the circuit of Fig. 8.87. 


30 a ^ 0.25 H 



Figure 8.87 

ForProb. 8.39. 
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Chapter 8, Solutíon 39. 


For t = O', the equivalent circuit is shown in Figure (a). Where 60u(-t) = 60 and 
30u(t) = 0. 



30 Q. 0.5F 0.25H 



v(0) = (20/50)(60) = 24 and i(0) = 0 
For t > 0, the circuit is shown in Figure (b). 
R = 20||30 = 12 ohms 


coo = 1 /VlC = l/V(l/2)(l/4) = Vs 
a = R/(2L) = (12)/(0.5) = 24 
Since a > cOo, we have an overdamped response. 


si ,2 = - a ± Va" - Cû' = -47.833, -0.167 

Thus, v(t) = Vs±[Ae''''-*^^'±Be”-“^'''], Vs = 30 

v(0) = 24 = 30±A±B or -6 = A±B (1) 

i(0) = Cdv(0)/dt = 0 
But, dv(0)/dt = -47.833A-0.167B = 0 

B = -286.43A (2) 

From(l)and(2), A = 0.021 and B = -6.021 
v(t) = 30 ± r0.021e~^^-^^^* - 6.021e V 
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Chapter 8, Problem 40. 

ps 

The switch in the circuit of Fig. 8.88 is moved Irom position atob / = 0. Determine 
/(/) for / > 0. 


0.02 F 



For Prob. 8.40. 
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Chapter 8, Solution 40. 


At t = 0-, vc(0) = 0 and Ìl (0) = i(0) = (6/(6 + 2))4 = 3 A 
For t > 0, we have a series RLC circuit with a step input as shown below. 



a = R/(2L) = (6+ 14)/(2x2) = 5 
Since a = cOo, we have a critically damped response. 
v(t) = Vs + [(A + Bt)e'^‘], Vs = 24-12 = 12V 
v(0) = 0 = 12 + A or A = -12 
i = Cdv/dt = C{[Be^'] + [-5(A + Bt)e^']} 
i(0) = 3 = C[-5A + B] = 0.02[60 + B] or B = 90 
Thus, i(t) = 0.02{[90e-^'] + [-5(-12 + 90t)e'^']} 
i(t) = U3-9t)e-^*}A 
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Chapter 8, Problem 41. 


* For the network in Fig. 8.89, fínd /(/) for / > 0. 


5£1 



For Prob. 8.41. 
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Chapter 8, Solution 41. 


At t = 0-, the switch is open. i(0) = 0, and 
v(0) = 5x100/(20 + 5 + 5) = 50/3 

For t > 0, we have a series RLC circuit shown in Figure (a). After source 
transformation, it becomes that shown in Figure (b). 


10 H 




©0= 1/VlC = l/Vlxl/25 = 5 
a = R/(2L) = (4)/(2xl) = 2 
si ,2 = - a ± — (úl = -2 ±j4.583 

Thus, v(t) = Vs ± [(Acoscùdt + BsincOdt)e'^'], 

where cùd = 4.583 and Vs = 20 
v(0) = 50/3 = 20 + A or A = -10/3 

i(t) = Cdv/dt = C(-2) [(Acoscùdt + Bsincùdt)e'^'] + Ccùd[(-Asincùdt + Bcoscùdt)e'^'] 

i(0) = 0 = -2A + cùdB 
B = 2A/cùd = -20/(3x4.583) = -1.455 
i(t) = C{[(0coscùdt+(-2B - cùdA)sincùdt)]e'^'} 

= (1/25){[(2.91 + 15.2767) sincùdt)]e^'} 
i(t) = lQ.7275siiit4.583tìe'^*l A 
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Chapter 8, Problem 42. 

* Given the network in Fig. 8.90, tìnd v(/) for / > 0. 

2 A 



Figure 8.90 
ForProb. 8.42. 

Chapter 8, Solution 42. 


For t = 0-, we have the equivalent circuit as shown in Figure (a). 
i(0) = i(0) = 0, and v(0) = 4 - 12 = -8V 




For t > 0, the circuit becomes that shown in Figure (b) after source transformation. 

C 0 o= 1/VlC = l/Vlxl/25 = 5 

a = R/(2L) = (6)/(2) = 3 

si ,2 = - a ± - co^ = -3 ± j4 

Thus, v(t) = Vs±[(Acos4t±Bsin4t)e^'], Vs = -12 

v(0) = -8 = -12±A or A = 4 

i = Cdv/dt, or i/C = dv/dt = [-3(Acos4t ± Bsin4t)e'^'] ± [4(-Asin4t ± Bcos4t)e’^'] 

i(0) = -3A±4B or B = 3 
v(t) = í-12 ± r(4cos4t ± 3sin4tk'^*B A 
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Chapter 8, Problem 43. 


The switch in Fig. 8.91 is opened at / = 0 after the circuit has reached steady state. 
Choose R and C such that a = 8Np/s and co^ = 30 rad/s. 



Figure 8.91 

ForProb. 8.43. 


Chapter 8, Solution 43. 


For t>0, we have a source-free series RLC circuit. 

a = — -> R = 2aL - IxSxO.S = 8Q 

2L — 


ox 


= -a^ =30 


M = ^900 -64 = V836 


1 


0 ) 


C- 


1 


1 


VÏC ' '' 0 }\L 836x0.5 

Chapter 8, Problem 44. 


: 2.392 mF 


A series RLC circuit has the following parameters: R=ì kQ, Z = IH, and C = 10 nF. 
What type of damping does this circuit exhibit? 


Chapter 8, Solution 44. 


a = 


R _ 1000 
2L ~ 2x\ 


= 500, 


co. = 


VÏC Vl 00x10' 


= 10 ^ 


( 0^5 > a - > underdamped. 
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Chapter 8, Problem 45. 


In the circuit of Fig. 8.92, íìnd v(/) and /(/) for / > 0 . Assume v(o) = 0 V and /(o) = 1 A. 



Figure 8.92 

For Prob. 8.45. 
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Chapter 8, Solution 45. 


C0o= 1/VlC = l/VlxO.S = V 2 
a = 1/(2RC) = (l)/(2x2x0.5) = 0.5 
Since a < ©o, we have an underdamped response. 

Si ,2 = — a ± -\/o)o = —0.5+j 1.3229 

Thus, i(t) = h + [(Acosl.3229t + Bsinl.3229t)e'‘’'^'], 1^ = 4 

i(0) = 1 = 4 + AorA = -3 

V = Vc = Vl = Ldi(0)/dt = 0 

di/dt = [1.3229(-Asinl.3229t + Bcosl.3229t)e'“-^'] + 
[-0.5(Acosl .3229t + Bsinl.3229t)e°-^ì 

di(0)/dt = 0 = 1.3229B-0.5A or B = 0.5(-3)/1.3229 = -1.1339 


Thus, i(t) = 14 - [t3cosl.3229t + 1.1339sinl.3229tk'*^^B A 

To fínd v(t) we use v(t) = VL(t) = Ldi(t)/dt. 

From above, 

di/dt = [1.3229(-Asinl.3229t + Bcosl.3229t)e'“-^'] + 

[-0.5(Acosl.323t + Bsinl.323t)e°-^'] 

Thus, 

v(t) = Ldi/dt = [1.323(-Asinl.323t + Bcosl.323t)e'‘’-^'] + 
[-0.5(Acosl.323t + Bsinl.323t)e“°-^‘] 

= [1.3229(3sinl.3229t- 1.1339cosl.3229t)e“-^'] + 
[(1.5cosl.3229t+0.5670sinl.3229t)e'‘’-^ì 

v(t) = [(-0cosl.323t + 4.536sinl.323t)e“‘’-^'] V 

= 1(4.5365^1.323^16*^^^1 V 

Please note that the term in iront of the cos calculates out to -3.631x10'^ which is zero for 
all practical purposes when considering the rounding errors of the terms used to calculate 
it. 
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Chapter 8, Problem 46. 

Find /(/) for / > 0 in the circuit of Fig. 8.93. 


i(t) 8 mH 



ForProb. 8.46. 

Chapter 8, Solution 46. 

For t = 0-, u(t) = 0, sothat v(0) = 0 and i(0) = 0. 


For t > 0, we have a parallel RLC circuit with a step input, as shown below. 



a = 1/(2RC) = (l)/(2x2xl0^ x5xl0'‘^) = 50 

coo = 1 /VlC = 1/V8xl0“^x5xl0“^ = 5,000 
Since a < cOo, we have an underdamped response. 

si,2 = -a±-Ja^ = -50±j5,000 

Thus, i(t) = Is ± [(Acos5,000t ± Bsin5,000t)e'^‘’‘], h = ómA 

i(0) = 0 = 6±AorA = -6mA 
v(0) = 0 =Ldi(0)/dt 

di/dt = [5,000(-Asin5,000t ± Bcos5,000t)e'^“‘] ± [-50(Acos5,000t ± Bsin5,000t)e'^'’'] 
di(0)/dt = 0 = 5,000B-50A or B = 0.01(-6) = -0.06mA 
Thus, i(t) = 16 - rtócosS.QQOt ± Q.Q6sin5.0QQtle'^"*ll mA 
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Chapter 8, Problem 47. 


Find the output voltage (/) in the circuit of Fig. 8.94. 





í = 0* 

A A A A 



VVVV 

lon 

> IH í 

H 10 mF = 


Figure 8.94 

ForProb. 8.47. 


Chapter 8, Solution 47. 

At t = 0-, we obtain, Ìl(0) = 3x5/(10 + 5) = lA 
and Vo(0) = 0. 

For t > 0, the 10-ohm resistor is short-circuited and we have a parallel RLC circuit with 
a step input. 

a = 1/(2RC) = (l)/(2x5x0.01) = 10 
©o= 1/VlC = l/VlxO.Ol = 10 
Since a = cOo, we have a critically damped response. 
si ,2 = -10 

Thus, i(t) = L+[(A + Bt)e-“’'], Is = 3 

i(0) = l= 3+ AorA = -2 
Vo = Ldi/dt = [Be“’'] + [-10(A + Bt)e'“^] 

Vo(0) = 0 = B - lOA or B = -20 
Thus, Vo(t) = (200te~^"*ì V 
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Chapter 8, Problem 48. 


Given the circuit in Fig. 8.95, fínd /(/) and v(/) for / > 0. 


V’(í) 


Figure 8.95 
For Prob. 8.48. 

Chapter 8, Solution 48. 

For t = 0-, we obtain i(0) = -6/(1 +2) = -2 and v(0) = 2x1 = 2. 

For t > 0, the voltage is short-circuited and we have a source-free parallel RLC circuit. 

a = 1/(2RC) = (l)/(2xlx0.25) = 2 
(Oo= 1/VlC = l/VlxO.25 = 2 
Since a = cOo, we have a critically damped response. 

Si,2 = -2 

Thus, i(t) = [(A + Bt)e'^‘], i(0) = -2 = A 

V = Ldi/dt = [Be'^'l + [-2(-2 + Bt)e'^'] 

Vo(0) = 2 = B + 4orB = -2 
Thus, i(t) = rt-2 - 2tle'^*1 A 
and v(t) = Ít2 + 4tìe'^*l V 
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Chapter 8, Problem 49. 


Determine /(/) for / > 0 in the circuit of Fig. 8.96. 



Figure 8.96 

ForProb. 8.49. 


Chapter 8, Solution 49. 

For t = O', i(0) = 3 + 12/4 = 6 and v(0) = 0. 

For t > 0, we have a parallel RLC circuit with a step input. 

a = 1/(2RC) = (l)/(2x5x0.05) = 2 
C 0 o= 1 /VlC = 1/V5x0.05 = 2 
Since a = cOo, we have a critically damped response. 
Si,2 = -2 

Thus, i(t) = T + [(A + Bt)e-^'], T = 3 

i(0) = 6 = 3 + AorA = 3 
V = Ldi/dt or v/L = di/dt = [Be'^'] + [-2(A + BQe'^'] 
v(0)/L = 0 = di(0)/dt = B - 2x3 or B = 6 
Thus, i(t) = 13 + [Q + 6tìe A 
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Chapter 8, Problem 50. 

For the circuit in Fig. 8.97, fínd /(/) for / > 0. 


I /(í) 

4H 

Figure 8.97 
ForProb. 8.50. 

Chapter 8, Solution 50. 

For t = 0-, 4u(t) = 0, v(0) = 0, andi(O) = 30/10 = 3A. 
For t > 0, wc havc a parallcl RLC circuit. 


10 

-^\AAAr- 


30 VQ 6w(/)A(T) 10 mF 


: 40 a 



a = 1/(2RC) = (l)/(2x8x0.01) = 25/4 = 6.25 
©0= 1/VlC = 1/74x0.01 = 5 
Since a > cOo, we have a overdamped response. 
si ,2 = -a±-yja^ = -10,-2.5 

Thus, i(t) = T + [Ae'’®'] + [Be'^'^'], T = 9 

i(0) = 3= 9 + A + BorA + B = -6 
di/dt = [-10Ae-‘°'] + [-2.5Be^-^'], 

v(0) = 0 = Ldi(0)/dt or di(0)/dt = 0 = -10A-2.5B or B = -4A 
Thus, A = 2 and B = -8 

Clearly, i(t) = ( 9 + r2e~*"*1 + A 
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Chapter 8, Problem 51. 


Find v(/) for / > 0 in the circuit of Fig. 8.98. 



Figure 8.98 

ForProb. 8.51. 


Chapter 8, Solution 51. 

Let i = inductor current and v = capacitor voltage. 

At t = 0, v(0) = 0 and i(0) = Ìq. 

For t > 0, we have a parallel, source-free LC circuit (R = qo). 

a = 1/(2RC) = 0 and cOo = l/VÏ^ which leads to si ,2 = ±jcOo 
V = AcoscOot + BsincOot, v(0) = 0 A 
ic = Cdv/dt = -i 
dv/dt = cOoBsincOot = -i/C 
dv(0)/dt = cOoB = -io/C therefore B = io/(cOoC) 
v(t) = -(in/fcOnCBsincOnt y where ( 0 »= 1/VlC 
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Chapter 8, Problem 52. 


The step response of a parallel RLC circuit is 
V = 1 0 + (cos 400í - 2 sin 400/) V, / > 0 

when the inductor is 50 mH. Find R and C. 


Chapter 8, Solution 52. 


« = 300 =- 

2RC 


co^ = -a^ = 400 

From (2), 


M = V400" -300" = 264.575 = 


VÏC 


C =- \ -^ = 285.71//F 

(264.575)'x50xl0-' - — 

From (1), 

R = — = ——(3500) = 5.833f2 
2aC 2x300 - 


( 1 ) 

( 2 ) 
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Chapter 8, Problem 53. 

After being open for a day, the switch in the circuit of Fig. 8.99 is closed at / = 0. Find 
the differential equation describing /(/), / > 0. 


í = 0 



ForProb. 8.53. 


Chapter 8, Solution 53. 

At t<0, /{0-) = 0,v,.(0-) = 120V 

For t >0, we have the circuit as shown below. 


80 Q 



120-V 

R 


^dv . 
C — + / 
dt 


Ì20 = V + RC — + ÌR 
df 


( 1 ) 


But v,=v = L— (2) 

Substituting (2) into (1) yields 

120 = /. —+ RCL-^ + /R -> 120 = -—+ 80x-xl0xl0-^^ + 80/ 

dt dt^ 4dt 4 df 

or 


td^i/dt^ì + Q.125tdi/dtt + 4QQi = 600 
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Chapter 8, Problem 54. 


The switch in Fig. 8.100 moves from position ^ to 5 at / = 0. Determine: (a) /{o^) and 
v(o^), (b)í/z(o^)/ í//, (c) z(oo)and v(oo). 


A í = 0 


9 A 


í) 




50 n 


B ^ 
40 n 


20 n V : 


-AAAAr-| I . 


lOinF 3 20 mH 


Figure 8.100 

For Prob. 8.54. 
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Chapter 8, Solution 54. 


(a) When the switch is at A, the circuit has reached steady state. Under this condition, 
the circuit is as shown below. 


50 n 



i- 


/■(0 ) = (9) = 4A, v(0-) = 50/ = 50x4 = 200 V 

50 + 40 

vfOn = v(0 ) = 200 V 
/(0") = ;(0-) = 4A 


(b) 



di{0]_v,(0n 

dt L 


At t = O^, the right hand loop becomes, 

-200 + 50x4 + Vl(O^) = 0 or Vl(O^) = 0 and (di(0^)/dt) = 0. 


, . c/víO^) (0(01 

^ df df C 

At t = O^, and looking at the current flowing out of the node at the top of the circuit, 
((200-0)720) + ic + 4 = 0 or ic = -14 A. 

Therefore, 


dv(0'')/dt = -14/0.01 = -1.4 kV/s . 

(a) When the switch is in position B, the circuit reaches steady state. Since it is 
source-free, i and v decay to zero with time. 

/{qo) = 0,v(oo) = 0 
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Chapter 8, Problem 55. 

For the circuit in Fig. 8.101, fínd v(/) for / > 0. Assume that v(o^)= 4 V and ?(o^)= 2 A. 
20 

í' 

= 0.5 F 

Figure 8.101 
For Prob. 8.55. 

Chapter 8, Solution 55. 

At the top node, writing a KCL equation produces, 
i/4+i = Cidv/dt, C, = 0.1 
5i/4 =Cidv/dt =0.1dv/dt 

i = 0.08dv/dt (1) 

But, V = -(2i + (l/Cj) jidt), C 2 = 0.5 

or -dv/dt = 2di/dt + 2i (2) 



Substituting (1) into (2) gives, 

-dv/dt = O.lôd^/dt^ + 0.16dv/dt 
0.16d\/dt^ + 0.16dv/dt + dv/dt = 0, or d\/dt^ + 7.25dv/dt = 0 
Which leads to s^ + 7.25s = 0 = s(s + 7.25) or si ,2 = 0, -7.25 


v(t) 

= A + 

(3) 

v(0) 

= 4 = A + B 

(4) 


From (1), i(0) = 2 = 0.08dv(0+)/dt or dv(0+)/dt = 25 

But, dv/dt = -7.25Be"^'^^', which leads to, 
dv(0)/dt = -7.25B = 25 or B = -3.448 and A = 4-B = 4 + 3.448 = 7.448 
Thus, v(t) = 17.448 - 3.448e'^-^^*l V 
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Chapter 8, Problem 56. 


In the circuit of Fig. 8.102, find /(/) for / > 0. 


40 



For Prob. 8.56. 
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Chapter 8, Solution 56. 


For t < 0, i(0) = 0 and v(0) = 0. 
For t > 0, the circuit is as shown bclow. 



0.25H 


Applying KVL to thc largcr loop, 


-20 +6io +0.25dio/dt + 25 J(i^^ +i)dt — 0 


For thc smallcr loop, 


+ 25|(i + i„)dt = Oor |(i + ijdt =-0.16i (2) 


Taking thc dcrivativc, 


4di/dt + 25(i + io) = 0 or io = -0.16di/dt-i (3) 


and dio/dt =-0.1 6d^i/dt^ - di/dt ( 

From (1), (2), (3), and (4), -20 - 0.96di/dt - 6i - 0.04d+dt^ - 0.25di/dt - 4i = 0 

Which becomes, d^i/dt^ + 30.25di/dt + 250i = -500 
This leads to, s^ + 30.25s +250 = 0 


- 30.25+ V(30.25)^-1000 

or si ,2 = - ^ - - -=-15.125±j4.608 


This is clcarly an undcrdampcd rcsponsc. 
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Thus, i(t) = T + e~‘^ ‘^^'(Aicos(4.608t) + A2SÌn(4.608t))A. 

At t = 0, io(0) = 0 and i(0) = 0 = Is + Ai or Ai = -Ig. As t approaches infinity, Ìo(qo) = 
20/10 = 2A = -i(oo) or i(oo) =-2A = h and Ai = 2. 

In addition, Irom (3), we get di(0)/dt = -6.25io(0) - 6.25i(0) = 0. 

di/dt = 0 - 15.125 e“'^ ‘^^'(Aicos(4.608t) + A2sin(4.608t)) + e“‘^-‘^^VAi4.608sin(4.608t) 
+ A24.608cos(4.608t)). At t=0, di(0)/dt = 0 = -15.125Ai + 4 . 6 O 8 A 2 = -30.25 + 4 . 6 O 8 A 2 
orA2 = 30.25/4.608 = 6.565. 

This leads to, 


i(t) = t-2 + e'^^-^^^V2cos(4.608tl + 6.565sint4.608tl) A 
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Chapter 8, Problem 57. 


If the switch in Fig. 8.103 has been closed for a long time before / = 0, but is opened at 
/ = 0 determine: 

(a) the characteristic equation of the circuit, 

(b) and Vj^ for / > 0. 


í = 0 



Figure 8.103 

For Prob. 8.57. 



sa 

1 H 


Chapter 8, Solution 57. 

(a) Let V = capacitor voltage and i = inductor current. At t = 0-, the switch is 
closed and the circuit has reached steady-state. 

v(O-) = 16V and i(O-) = 16/8 = 2A 
At t = 0+, the switch is open but, v(0+) = 16 and i(0+) = 2. 

We now have a source-free RLC circuit. 

R 8 + 12 = 20 ohms, L = IH, C = 4mF. 
a = R/(2L) = (20)/(2xl) = 10 
coo = 1 /VlC = l/Vlx(l/36) = 6 
Since a > coo, we have a overdamped response. 
si ,2 = -a + ^a^ = -18,-2 

Thus, the characteristic equation is (s + 2)(s + 18) = 0 or + 2Qs +36 = 0 . 
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(b) 


i(t) = [Ae'^V and i(0) = 2 = A + B (1) 


To get di(0)/dt, consider the circuit below at t = 0+. 



-v(0) + 20i(0) + Vl(0) = 0, which leads to, 

-16 + 20x2+vl(0) = 0 or vl(0) = -24 
Ldi(0)/dt = Vl(0) whiehgives di(0)/dt = Vl(0)/L = -24/1 = -24A/s 
Hence -24 = -2A-18B or 12 = A + 9B (2) 

Froni(l)and(2), B = 1.25 andA = 0.75 

i(t) = [0.75e'^'+1.25e'‘^'] = -ix(t) or ix(t) = 1-Q.75e'^* - 1.25e‘^*1 A 
v(t) = 8i(t) = 16e'^* + lQe'‘^‘l A 
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Chapter 8, Problem 58. 


In the drcuit of Fig. 8.104, the switch has been in position 1 for a long time but moved to 
position 2 at / = 0 Find: 

(a) v(o^), dv{p^)/dt 

(b) v(/) for / > 0 


2 1 80 



Figure 8.104 

For Prob. 8.58. 


Chapter 8, Solution 58. 


(a) Let i =inductor current, v = capacitor voltage i(0) =0, v(0) = 4 

dv{Q)^ [v(Q) + 7?/(Q)] ^ (4 + 0) ^ 
dt RC 0.5 - 

(b) For / > 0, the circuit is a source-ffee RLC parallel circuit. 

1 1 1 11 . 

ûr =-=-= 1, = —^= = ^- = = 2 

2RC IxQ.Sxì -JlC 7025^ 

coj =^j(tí\-a^ =74^ = 1.732 

Thus, 


v(/) = e '(A^ cos 1.732/ + sin 1.732/) 
v(0) = 4 = Ai 

1 

— = -e~^Ay cos 1.732/ -1.732e~^^, sinl.732/ sin 1.732/ + \.l?>2e~^ cos 1.732/ 
dt ' 12 2 

= _8 = - A, +1.7324 -> 4 = -2.309 

dt ' ^ ' 

v(/) = e"' (4 cos 1 .IZlt - 2.309sin 1.732/) V 
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Chapter 8, Problem 59. 


The make before break switch in Fig. 8.105 has been in position 1 for / < 0. At / = 0, it 
is moved instantaneously to position 2. Determine v(/). 

4 0 

- vwv 


40 V Q 


Figure 8.105 

For Prob. 8.59. 

Chapter 8, Solution 59. 

Let i = induetor current and v = capacitor voltage 
v(0) = 0, i(0) = 40/(4+16) = 2A 
For t>0, the circuit becomes a source-free series RLC with 

^ 16 , 1 1 , 

a = — =-= 2, = —^= = , ^ = 2, -> 

IL 2x4 4 lC VÏcÏTÏó 

i{t) = 

i(0) = 2 = A 

— = -lAe~^' + Be~^' - 2Bte~^' 

dt 

^^ = -2A + B = --[Ri(0)-v(0)] -> -2A + B 

dt ^ 

/(/) = 2e~^^ -Ate~^^ 

1 t 

V = — [- idt + v(0) 

V = -32te~^* V . 

Checking, 

V = Ldi/dt + Ri = AirAc^' - 4c~^' + 8e"^') + 16(2e"^' - 4te"^‘) = -32te'^' V. 


: -32 Je"^‘dt + 64 Jte"^‘dt = +16e"^‘ | *+ —e"^‘(-2t -1) 


a = (0„=2 


= -1(32-0), B = -4 


I î=0 4H 

-1 

|160 
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Chapter 8, Problem 60. 

Obtain and for / > 0 in the circuit of Fig. 8.106. 


Figure 8.106 

For Prob. 8.60. 

Chapter 8, Solution 60. 

At t = 0-, 4u(t) = 0 sothat ii(0) = 0 = Ì2(0) (1) 

Applying nodal analysis, 

4 = 0.5dii/dt + ii+Ì2 (2) 

Also, Ì 2 = [Idii/dt-ldÌ2/dt]/3 or 3Ì2 = dii/dt - di^/dt (3) 

Taking thc dcrivativc of (2), 0 = d^ii/dt^ + 2dii/dt + Idì^/dt (4) 


From (2) and (3), di^/dt = dii/dt - 3Ì2 = dii/dt - 3(4 - ii - 0.5dii/dt) 

= dii/dt-12 + 3ii + 1.5dii/dt 


4u(t) A 


0 ) 


1 ' 


A/WV — 
1 


2Q : 


1 H 


Substituting this into (4), 

d\/dt^ + 7dii/dt + 6ii = 24 which givcs s^ + 7s + 6 = 0 = (s + l)(s + 6) 

Thus, ii(t) = h+[Ac"VBc-^'], 61, = 24 or = 4 
ii(t) = 4 + [Ac"'+ Bc'^'] andii(O) = 4 + [A + B] (5) 

Ì 2 = 4 -ii - 0.5dii/dt = ii(t) = 4 + -4 - [Ac'' + Bc"^'] - [-Ac' - ^Bc'^'] 

= [-0.5Ac-' + 2Bc"^'] and Ì2(0) = 0 = -0.5A + 2B (6) 

From (5) and (6), A = -3.2 and B = -0.8 

ii(t) = 14 + r-3.2e'‘- 0.8e~^*n A 
Ì 2 (t) = íl.6e'*-1.6e'^*l A 
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Chapter 8, Problem 61. 

For the circuit in Prob. 8 . 5 , find i and v for / > 0. 


Chapter 8, Solution 61. 

For t > 0, wc obtain thc natural rcsponsc by considcring thc circuit bclow. 


a 


IH 


ÌL 

- ^ 



6Q 


At nodc a, Vc /4 + 0 . 25 dvc/dt + Ìl = 0 (1) 

But, Vc = Idic/dt+óÌL ( 2 ) 

Combining (1) and (2), 

(l/4)dÌL/dt + (6/4)ÌL + 0.25d\/dt>(6/4)dÌL/dt + ÌL = 0 
d\/dr+ 7dÌL/dt+ lOÌL = 0 


s^ + 7s+10 = 0 = (s + 2)(s + 5) or si ,2 = -2,-5 
Thus, ÌL(t) = Ìl(°o) + [Ae'"^ + Be'^'], 
whcrc Ìl(oo) rcprcscnts thc final inductor currcnt = 4(4)/(4 + 6) =1.6 
ÌL(t) = 1.6 + [Ae^' + Be^'] and Ìl(0) = 1.6 + [A+B] or -1.6 = A+B (3) 

dÌL/dt = [-2Ae"^' - 5Be"^'] 

and dÌL(0)/dt = 0 = -2A - 5B or A = -2.5B (4) 

From (3) and (4), A = -8/3 and B = 16/15 

ÌL(t) = 1.6 + [-(8/3)e'^' + (16/15)e'^'] 

v(t) = 6ÌL(t) = 19.6 + r-16e + 6.4e'^\ V 

vc = ldÌL/dt + 6ÌL = [(16/3)e-^'-(16/3)e-^']+{9.6 + [-16e-^' + 6.4e-^\ 
vc = {9.6 + [-(32/3)e^' + 1.0667e\} 
i(t) = Vc/4 = 12.4 + [-2.667e~^* + Q.2667e'^\ A 
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Chapter 8, Problem 62. 


Find the response (/) for / > 0 in the eireuit of Fig. 8.107. Let R = 3f2,L = 2H, 
C = 1/18F. 


R 



Figure 8.107 

For Prob. 8.62. 

Chapter 8, Solution 62. 

This is a parallel RLC cireuit as evident when the voltage souree is turned off. 


1/(2RC) = (l)/(2x3x(l/18)) = 3 


a 


C 0 o= l/VlX = 1/V2xl/18 = 3 

Sinee a = (Oo, we have a critically damped response. 

Si,2 = -3 

Letv(t) = capacitor voltage 
Thus, v(t) = Vs + [(A + Bt)e'^'] where = 0 

But -10 + Vr + v = 0 or vr = 10-v 

Therefore Vr = 10 - ífA + BHe'^^1 where A and B are determined from initial 
conditions. 
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Chapter 8, Problem 63. 


For the op amp circuit in Fig. 8.108, find thc diffcrcntial cquation for /(/). 


c 



Figure 8.108 

For Prob. 8.63. 


Chapter 8, Solution 63. 


o 

a 

o 

1 

II 

1 

o 

a 

< 

o 

dt 

R dt 

’ -L^' 

j dVo_i_ d"‘ _ V, 


dt dt^ RC 


Thus, 

d^i(t) Vs 

dt^ RCL 
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Chapter 8, Problem 64. 


For the op amp circuit in Fig. 8.109, dcrivc thc diffcrcntial cquation rclating to . 


0.5 F 



For Prob. 8.64. 
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Chapter 8, Solution 64. 


Consider the eireuit as shown below. 



Atnode 1, 


V - V, v, - v, 1 d , 

^^ ^^ +-Vi - v^ 


2df 


-> v, = 3v,-2v 2+—(v,-vj (1) 


At node 2, 


V,-V, = 


But V 2 = Vq so that (1) and (2) beeome 

V, =3v,-2v„+^(v,-vJ 

dVo 

df 

Substituting (2a) into (la) gives 

„ „ dv„ „ dv. dV„ dv, 

V, =3Vo+3^f-2v„ + ^7^ + 


dVj 


( 2 ) 

(la) 

(2a) 


df ° df df^ df 

d\ „ dv„ 
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Chapter 8, Problem 65. 

Determine the differential equation for the op amp circuit in Fig. 8.110. If ) = 2 V 

and V 2 (o^) = 0 V find v^ for / > 0. Let 7? = 100kfl and C = 1 // F. 

R 



Figure 8.110 

For Prob. 8.65. 
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Chapter 8, Solution 65. 

At the input of the fìrst op amp, 


(Vo-0)/R = Cd(vi-0)/dt (1) 

At the input of the second op amp, 

(-vi - 0)/R = Cdv 2 /dt (2) 

Let us now examine our constraints. Sinee the input terminals are essentially at ground, 
then we have the following, 

Vo = -V 2 or V 2 = -Vo (3) 

Combining (1), (2), and (3), eliminating vi and v^ we get. 


dt" 




dV 


v„ = • 


dt^ 


^-100v„ =0 


Which leads to - 100 = 0 
Clearly this produces roots of-10 and +10. 

And, we obtain, 

Vo(t) = + Be‘°')V 

At t = 0, Vo(0+) = - V2(0+) = 0 = A + B, thus B = -A 
This leads to Vo(t) = (Ae"’*®' - Ae“’')V. Now we can use Vi(0+) = 2V. 
From(2), vi = -RCdv^/dt = O.ldVo/dt = 0.1(10^0^'“'+ lOAe'”*) 
vi(0+) = 2 = 0.1 (20A) = 2A or A = 1 

Thus, Vo(t) = 

It should be noted that this circuit is unstable (elearly one of the poles lies in the right- 
half-plane). 
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Chapter 8, Problem 66. 

Obtain the differential equations for (/) in the op amp circuit of Fig. 8.111. 



Figure 8.111 

For Prob. 8.66. 
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Chapter 8, Solution 66. 


We apply nodal analysis to the eircuit as shown below. 

V2 



Atnode 1, 

60k 

But V 2 =V„ 


60 ic 


+ 10pF^(v,-v, 


n d(vi -Vo) 

v, = 2v| - Vo + 6x10 - 

" ^ ° dt 

At node 2, 

^^^LZ^ = 20pF—(V 2 -O), V2 = v„ 

60 k df ^ ' ° 

vi =Vo +1.2x10"^^ 

^ ° dt 

Substituting (2) into (1) gives 


( 1 ) 


( 2 ) 


V, =21 


Vq +1.2x10 


-6 dVo 


í 


dt 


- Vq +6x10 


-7 


1.2x10 


V 


-6 d\ ^ 

dt^ 


Vs = V.. + 2.4xl0~^tdv../dtì + 7.2x1 Q~*^tdV./dt^ì. 
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Chapter 8, Problem 67. 


* In the op amp circuit of Fig. 8.112, dctcrminc (/) for / > 0. Lct v^^^ = w(/) V, 

R^=R^ =ÌOkn,C,=C^=ÌOOjuF. 



Figure 8.112 

For Prob. 8.67. 


* An astcrisk indicatcs a challcnging problcm. 
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Chapter 8, Solution 67. 

Atnode 1, 


Vjn -c d(v^ -Vq) I d(Vi -0) 
Ri ‘ dt " dt 


( 1 ) 


At node 2, 


c/(V‘-Q) = ^, or ^ = ^ 
dt Rj dt C^Rj 


( 2 ) 


From (1) and (2), 


d^_ ^ 

' ^ i i T-» 


C,R, dt 


dt 


R. 


v,=v..+^^ + R,C,^ + R,^ 


C 2 R 2 dt 


' ' dt 'R, 


(3) 


Ci 
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From (2) and (3), 


Vq dv, dv„ ^ R,C, dv„ ^ ^ d"v, ^ R, dv„ 


dt dt C^Rj dt 


dt" R^ dt 


dV. 1 

- + - 


dt" 


R, 


^ 1 1 ^ 
+ 


1 dv.„ 


Cj^ J dt C^C^R^^i ^i^i 


ButCiC2RiR2= lO'^xloVlO'^xlO'' = 1 


R, 


1 1 

l^Cj C^y 


R^Ci 10‘'xl0" 


■ = 2 


d^v dv 

—r+2^+v„ 
dt" dt 


dv.„ 

dt 


Which leads to + 2s + 1 = 0 or(s+l)^ = 0 and s = -1,-1 
Therefore, Vo(t) = [(A + Bt)e''] + Vf 
As t approaches infínity, the capacitor acts like an open circuit so that 


Vf = Vo(oo) = 0 

Vin = lOu(t) mV and the fact that the initial voltages across each capacitor is 0 
means that Vo(0) = 0 which leads to A = 0. 

Vo(t) = [Bte"'] 

(4) 


CiRi 


From (2), 


^ = [(B-Bt)e-'] 
dt 

dv„(0+) v„(0+) 


dt 


C^R^ 


= 0 


From (1) at t = 0+, 

„hìchkadsto‘‘''-<'^' 


R, 


dt 


dt 


Substituting this into (4) gives B = -1 
Thus, v(t) = y 
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Chapter 8, Problem 68. 

ps 


For the step funetion = u(t\ use PSpice to find the response v(/) for 0 < / < 6 s in the 
eircuit of Fig. 8.113. 


v(t) 


Figure 8.113 

For Prob. 8.68. 



PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei-ved. No p ait 
of this Manual may be displayed. reproduced or distributed in any foim or by any means. without the prior 

written peimission of the publisher. or used beyond the limited distiibution to teachers atid educators 

peimitted bv McGraw-Hill for their individual course preparation. If you ai'e a student using this Manuah 

vou aie using it without peimission. 













Chapter 8, Solution 68. 


The schematic is as shown below. The unit step is modeled by VPWL as shown. We 
insert a voltage marker to display V after simulation. We set Print Step = 25 ms and 
final step = 6s in the transient box. The output plot is shown below. 



es 1.05 2.05 3.05 4.05 5.05 6.05 

□ ll(L1:2) 

Time 
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Chapter 8, Problem 69. 


Given the source-free circuit in Fig. 8.114, use PSpice to get /(/) for 0 < / < 20 s. Take 
v(0) = 30Vand í(o)=2A. 



Figure 8.114 

For Prob. 8.69. 
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Chapter 8, Solution 69. 


The schematic is shown below. The initial values are set as attributes of L1 and Cl. We 
set Print Step to 25 ms and the Final Time to 20s in the transient box. A current marker 
is inserted at the terminal of L1 to automatically display i(t) after simulation. The result 
is shown below. 




° I(L1} 

. . Tine 
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Chapter 8, Problem 70. 


For the circuit in Fig. 8.115, usc PSpice to obtain v(/)t for 0 < / < 4 s. Assumc that thc 
capacitor voltagc and inductor currcnt at / = 0 arc both zcro. 



Figure 8.115 

For Prob. 8.70. 
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Chapter 8, Solution 70. 

The schematic is shown below. 



After the circuit is saved and simulated, we obtain the capacitor voltage v(t) as shown 
below. 
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Chapter 8, Problem 71. 


Obtain v(/) for 0 < / < 4s in the circuit of Fig. 8.116 using PSpice. 

0.4 F I H 6n 



For Prob. 8.71. 
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Chapter 8, Solution 71. 

The schematic is shown below. We use VPWL and IPWL to model the 39 u(t) V and 13 
u(t) A respectively. We set Print Step to 25 ms and Final Step to 4s in the Transient 
box. A voltage marker is inserted at the terminal of R2 to automatieally produee the plot 
of v(t) after simulation. The result is shown below. 



T1=0 VI =0 

T2=0.01V2=39 
T3=100 V3=39 





□ a(R2:1) 

Tiri9 
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Chapter 8, Problem 72. 


The switch in Fig. 8.117 has been in position 1 for a long time. At / = 0, it is switched to 
position 2. Use PSpice to find /(/) for 0 < / < 0.2 s. 



Figure 8.117 

For Prob. 8.72. 
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Chapter 8, Solution 72. 


When the switch is in position 1, we obtain IC=10 for the capacitor and IC=0 for the 
inductor. When the switch is in position 2, the schematie of the eircuit is shown below. 



When the cireuit is simulated, we obtain i(t) as shown below. 
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Chapter 8, Problem 73. 


Rework Prob. 8.25 using PSpice. Plot (/) for 0 < / < 4 s. 


Chapter 8, Solution 73. 

(a) For t < 0, we have the schematic below. When this is saved and simulated, we 
obtain the initial inductor current and capacitor voltage as 

Ìl(0) = 3A andVc(O) = 24 V. 
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(b) For t > 0, we have the schematic shown below. To display i(t) and v(t), we 
insert current and voltage markers as shown. The initial inductor current and capacitor 
voltage are also incorporated. In the Transient box, we set Print Step = 25 ms and the 
Final Time to 4s. After simulation, we automatically have io(t) and Vo(t) displayed as 
shown below. 




□ I(CZ) o U(C2:1) 

TiriG 
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Chapter 8, Problem 74. 


The dual is constructed as shown in Fig. 8.118(a). The dual is redrawn as shown in Fig. 
8.118(b). 



(b) 

Figure 8.118 

For Prob. 8.74. 
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Chapter 8, Problem 75. 


Obtain the dual of the circuit in Fig. 8.119. 



For Prob. 8.75. 
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Chapter 8, Solution 75. 


The dual circuit is conncctcd as shown in Figurc (a). It is rcdrawn in Figurc (b). 



0.1 Q 



(b) 
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Chapter 8, Problem 76. 


Find the dual of the circuit in Fig. 8.120. 


60 V 

> 20Í2 1 

120 V 


L!) 

= iF 


Figure 8.120 

For Prob. 8.76. 
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Chapter 8, Problem 77. 


Draw the dual of the circuit in Fig. 8.121. 


5 A 



For Prob. 8.77. 
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Chapter 8, Solution 77. 


The dual is constructed in Figure (a) and redrawn in Figure (b). 



(a) 



PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei-ved. No p ait 
of this Manual may be displayed. reproduced or distributed in any foim or by any means. without the prior 
written peimission of the publisher. or used beyond the limited distiibution to teachers and educators 
peimitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without peimission. 




Chapter 8, Problem 78. 


An automobile airbag igniter is modeled by the circuit in Fig. 8.122. Determine the time 
it takes the voltage across the igniter to reach its first peak after switching from A to B. 
Let i?=3Q,C = l/30F,and Z = 60mH. 


A B 



Figure 8.122 

For Prob. 8.78. 



Airbag igniter 
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Chapter 8, Solutíon 78. 

The voltage aeross the igniter is Vr = Vc since the eircuit is a parallel RLC type. 


vc(0) = 12, and Ìl(0) = 0. 
a = 1/(2RC) = 17(2x3x1/30) = 5 

coo =l/VÏ^ = l/V60xl0-'xl/30 = 22.36 
a < íOo produces an underdamped response. 

S(_2 = -a + ^Ja^ -(ol =-5±j21.794 
vc(t) = e'^'(Aeos21.794t±Bsin21.794t) (1) 

vc(0) = 12 = A 
dvc/dt = -5[(Aeos21.794t ± Bsin21.794t)e^'] 

± 21.794[(-Asin21.794t ± Beos21.794t)e'^'] (2) 

dvc(0)/dt = -5A±21.794B 

But, dvc(0)/dt = -[vc(0) ± RÌl(0)]/(RC) = -(12 ± 0)/(l/10) = -120 

Hence, -120 = -5A±21.794B, leads to B (5x12- 120)721.794 = -2.753 

At the peak value, dvc(to)/dt = 0, i.e., 

0 = A ± Btan21.794to ± (A21.794/5)tan21.794to - 21.794B/5 
(B±A21.794/5)tan21.794to = (21.794B/5) - A 
tan21.794to = [(21.794B/5) - A]/(B ± A21.794/5) = -24/49.55 = -0.484 
Therefore, 21.7945to = |-0.451| 
to = 1-0.4511/21.794 = 20.68 ms 
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Chapter 8, Problem 79. 


A load is modeled as a 250-mH inductor in parallel with a 12- resistor. A capacitor is 
needed to be connected to the load so that the network is critically damped at 60 Hz. 
Calculate the size of the capacitor. 


Chapter 8, Solution 79. 


For critical damping of a parallel RLC circuit, 


1 1 

a^co^ -^ -= , - 

IRC 4lc 

Hence, 


C = 


L 

4R^ 


0.25 

4x144 


= 434/^F 
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Chapter 8, Problem 80. 

A mechanical system is modeled by a series RLC circuit. It is desired to produce an 
overdamped response with time constants 0.1 ms and 0.5 ms. If a series 50-kD resistor is 
used, find the values of L and C. 

Chapter 8, Solution 80. 

ti = l/|si| = 0.1x10'^ leadstosi = -1000/0.1 = -10,000 
t 2 = 1/|S2| = 0.5x10'^ leadstosi = -2,000 

Sj =-a-^a^ -Cùl 

$2 = -a + ^Ja^ -(£>1 

Si +S 2 = —2a. = -12,000, therefore a = 6,000 = R/(2L) 

L = R/12,000 = 50,000/12,000 = 4.167H 

Sj = -a + = -2,000 

a -^a^ -co^ = 2,000 

6,000-7a' -co' = 2,000 

^a" -co' = 4,000 

a^-co* = 16x10^ 

co' = a^-l^xlO*^ = ^^xlO'^-16x10“^ 

». = io='®=i/Vì:s 

C = l/(20xl 0*^x4. 167) = 12 nF 
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Chapter 8, Problem 81. 

An oscillogram can be adequately modeled by a second-order system in the form of a 
parallel RLC circuit. It is desired to give an underdamped voltage across a 200- D 
resistor. If the damping frequency is 4 kHz and the time constant of the envelope is 0.25 
s, fínd the necessary values of L and C. 


Chapter 8, Solution 81. 


But, 


t = 1/a = 0.25 leadstoa = 4 
a 1/(2RC) or, C = l/(2aR) = 1/(2x4x200) = 625 uF 

V 2 2 

ra„ -a 


co" =co^+a" =(2ix4xl0')"+16 = (2n4xl0'0" = 1/(LC) 
This results in L = l/(64n\l0‘^x625xl0'^) = 2.533 uH 
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Chapter 8, Problem 82. 


The circuit in Fig. 8.123 is the electrical analog of body functions used in medical 
schools to study convulsions. The analog is as follows: 

= Volume of fluid in a drug 

C^ = Volume of blood stream in a specified region 

= Resistance in the passage of the drug from the input to the blood stream 

= Resistance of the excretion mechanism, such as kidney, etc. 

Vq = Initial concentration of the drug dosage 

v(/) = Percentage of the drug in the blood stream 

Find v(/) for / > 0 given that C^ = 0.5// F, C^ =5ju ¥,RÌ = 5MQ , and v^ = 60// (/)V. 



Figure 8.123 
For Prob. 8.82. 
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Chapter 8, Solution 82. 


Fort = 0-, v(0) = 0. 
For t > 0, the circuit is as shown below. 



At node a, 


(Vo - v/Ri = (v/R^) + C^dv/dt 
Vo = v(l + R 1 /R 2 ) + R 1 C 2 dv/dt 
60 = (1+5/2.5)+ (5xl0S5xl0-'^)dv/dt 
60 = 3v + 25dv/dt 

v(t) = Vs + [Ae-^''"'] 

where 3Vs = 60 yields V^ = 20 

v(0) = 0 = 20 + A or A = -20 
v(t) = 2Qtl - 
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Chapter 8, Problem 83. 

Figure 8.124 shows a typical tunnel-diode oscillator circuit. The diode is modeled as a 
nonlinear resistor with = /(v^) i.e., the diode current is a nonlinear function of the 
voltage across the diode. Derive the differential equation for the circuit in terms of v and 


R L 

— wvv — 




Figure 8.124 
For Prob. 8.83. 


Chapter 8, Solution 83. 

i = ÌD + Cdv/dt (1) 

-Vs + iR + Ldi/dt + V = 0 (2) 

Substituting (1) into (2), 

Vs = RÌd + RCdv/dt + LdÌD/dt + LCd^/dt^ + v = 0 
LCdV/dt^ + RCdv/dt + RÌd + Ldio/dt = Vs 

dVdt^ + tR/Lìdv/dt + (R/LCìin + (1/Cìdi.ì/dt = v./LC 
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Chapter 9, Problem 1. 


Given the sinusoidal voltage v{t) = 50 eos (30/ + lO'') V, find: (a) the amplitude ,(b) 
the períod J, (e) the frequency/' and (d) v(/) at / = 10 ms. 

Chapter 9, Solution 1. 

(a) Vn.-50V. 

Itt '2.71 

(b) Períod 7 = — = — = 0.2094^- - 209.4ms 

(ú 30 

(c ) Frequency f = (jo/(27r) = 30/(27r) = 4.775 H^ . 

(d) At t=lms, v(O.Ol) = 50eos(30x0.01rad + 10“) 

= 50eos(1.72“ +10^ = 44.48 V and oot = 0.3 rad . 


Chapter 9, Problem 2. 

A eurrent souree in a linear eireuit has 
=8eos (500;?r/-25") A 

(a) What is the amplitude of the eurrent? 

(b) What is the angular frequency? 

(e) Find the írequency of the current. 

(d) Calculate i ^ at / = 2ms. 


Chapter 9, Solution 2. 

(a) 

amplitude = 8 A 

(b) 

co = 50071 = 1570.8 rad/s 


co 

(c) 

f = — = 250 Hz 

2n 

(d) 

Is = 8Z-25° A 


U2 ms) = 8 eos((5007i)(2 x 10 ') - 25°) 

= 8eos(7i-25°) = 8eos(155°) 

= -7.25 A 
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Chapter 9, Problem 3. 

Express the following fiinctions in cosine form: 

(a) 4 sin t - 30"") 

(b) -2 sin 6t 

(c) -10sin(^t + 20") 

Chapter 9, Solution 3. 

(a) 4 sin((ot - 30"") = 4 cos(cot - 30"" - 90"") = 4 cosfcot - 120^) 

(b) -2 sin(6t) = 2 cosfót + 90^) 

(c) -10 sin(cot + 20'') = 10 cos(cot + 20"" + 90"") = 10 costot + IIO^Ì 

Chapter 9, Problem 4. 

(a) Express v = 8 cos(7t = 15 '^) in sine form. 

(b) Convert / = -10 sin(3/ - 85'’) to cosine form. 


Chapter 9, Solution 4. 

(a) V = 8 cos(7t + 15^) = 8 sin(7t + 15^ + 90^) = 8 sin(7t + 105^) 

(b) i = -10sin(3t-85^) = 10 cos(3t-85^ + 90^) = 10 cos(3t + 5^) 

Chapter 9, Problem 5. 


Given V ^ =20 sin( cy t + 60 '^) and v ^ = 60 cos( û)t - 10'’) determine the phase angle 
between the two sinusoids and which one lags the other. 


Chapter 9, Solution 5. 


vi = 20 sin(cyr + 60^) = 20 cos(cyr + 60^ - 90^) = 20 cos(cyr - 30°) 

V 2 = 60 cos(ca- 10°) 

This indicates that the phase angle between the two signals is 20° and that Vt lags 
X2. 
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Chapter 9, Problem 6. 

For the following pairs of sinusoids, determine which one leads and by how much. 

(a) v(/) =10 cos(4t - 60"") and i(t) = 4 sin (4t + 50 '^) 

(b) v,(t) = 4 cos(377/ + 10") and v^ (/) = -20 eos 3771 

(c) x(t) =13 cos 2t + 5 sin 2t andy(t) =15 cos(2/ -11.8") 

Chapter 9, Solution 6. 

(a) v(t) = 10cos(4t-60^) 

i(t) = 4sin(4t + 50") = 4cos(4t + 50"-90") = 4cos(4t-40") 
Thus, ift) leads vft) by 20^ . 

(b) vi(t) = 4cos(377t+ lO^) 

V 2 (t) = -20cos(377t) = 20cos(377t+180^) 

Thus, v^ft) leads vift) bv 170^ . 

(c) x(t) = 13 cos(2t) + 5 sin(2t) = 13 cos(2t) + 5 cos(2t- 90"") 

X = 13Z0° + 5Z-90° = 13-j5 = 13.928Z-21.04° 

x(t) = 13.928 cos(2t-21.04^) 

y(t) = 15cos(2t-11.8^) 

phase difference = -11.8^ + 21.04^ = 9.24° 

Thus, vft) leads xft) bv 9.24° . 


Chapter 9, Problem 7. 

If f(^) = cos (j) +7 sin^, show that/( <j)) = . 

Chapter 9, Solution 7. 

If f((|)) = cos(|) + j sin(|), 

df 

— = -sin(|) + j cos (|) = j (cos (|) + j sm (|)) = j f ((j)) 



Integrating both sides 
In f = j(|) + In A 

f = = cos(|) + j sin(|) 

f(0) = A = 1 

i.e. ffé) = e^^ = cosò + i siné 
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Chapter 9, Problem 8. 


Calculate these complex numbers and express your results in rectangular foiTn: 


15Z45 

3-J4 


(b) - 

(2 + y)(3-i4) 

(c) 10 + (8Z50") 


-5 +712 
(5-712) 


Chapter 9, Solution 8. 


(a) 


15Z45° 

3-j4 


+ j2 


15Z45° 
5Z-53.13° ■' 

3Z98.13°+j2 
-0.4245+j2.97+j2 

-0.4243 + Ì4.97 


(b) (2 + j)(3 -j4) = 6 -j8 + j3 + 4 = 10 -j5 = 11.18Z-26.57° 

8Z-20° 10 _ 8Z-20° (-5-jl2)(10) 

(2 + j)(3-j4) -5 + jl2 “ 11.18Z-26.57° 25 + 144 


= 0.7156Z6.57°-0.2958-j0.71 
= 0.7109+j0.08188-0.2958-j0.71 

= 0.4151 - iO.6281 

(c) 10 + (8Z50°)(13Z-68.38°) = 10+104Z-17.38° 

= 109.25 - Ì31.07 
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Chapter 9, Problem 9. 


Evaluate the following complex numbers and leave your results in polar foim: 
(a)5Z30” 6-fè + - - 

l 2 + ) ^ 

(10Z60")(35Z-50") 

(2+ 76)-( 5 +7) 


(b) 


Chapter 9, Solution 9. 

(5Z30°)(6 - j 8 +1.1197 + jO.7392) = (5Z30°)(7.13 - j7.261) 
=(5Z30°)(10.176Z-45.52°) = 

50.88Z-15.52° . 

(10Z60°)(35Z-50°) ^ ,o.02Z-l 10.96°. 

(-3 + j5) = (5.83Z120.96°) - 


Chapter 9, Problem 10. 


Given that = 6 -j 8 , = 10 Z -30'' , and z^ = %e , find: 

(a) 2 i +Z 2 +Z 3 


Chapter 9, Solution 10. 


(a) = 6 -j 8 , Z 2 = 8 . 66 -j5, and z^ =-4-j6.9282 
+^2 "•"-3 = 10.66-jl9.93 

(b) = 9.999+ j7.499 

7., - 
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Chapter 9, Problem 11. 


Find the phasors corresponding to the following signals: 

(a) v(í) = 21 cos(4í- 15" )V 

(b) i(t) = -8 sin(10í -I- 70") mA 

(c) v(í)= 120 sin(10r-50")V 

(d) i(t) = -60 cos(30í -I- 10") mA 


Chapter 9, Solution 11. 

(a) V = 21<-15" V 

(b) í (í) = 8 sin(l Ot -t 70" -I- 180") = 8 cos(l Ot -t 70" +180" - 90") = 8 cos(l Ot + 160") 

/ = 8<160" mA 

(c ) v(í) = 120sin(l 0't - 50") = 120 cos(l O'í - 50" - 90") 

V = 120<-140" V 

(d) i(t) = -60 cos(30í +10") = 60 cos(3 0/ +10" +180") 

/ = 60<190" mA 
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Chapter 9, Problem 12. 


Let X = 8 Z40” and and Y = 10 Z - 30" Evaluate the following quantities and express 
your results in polar form: 

(a) (X + Y)X* (b) (X -Y)* (c) (X + Y)/X 


Chapter 9, Solution 12. 

Let X = 8Z40° and Y = 10Z-30°. Evaluate the following quantities and express 
your results in polar form. 

(X + Y)/X* 

(X - Y)* 

(X + Y)/X 


X = 6.128+j5.142; Y = 8.66-j5 


(a) 


(X + Y)X* = 


(14.788 + j0.142)(8Z-40°) 
= (14.789Z0.55°)(8Z - 40°) 

= 91.36-i75.17 


18.31Z-39.45° 


(b) (X - Y)* = (-2.532+jl0.142)* = t-2.532-i 10.1421 = 10.453Z-104.02° 

(c) (X + Y)/X = (14.789Z0.55°)/(8Z40°) = 1.8486Z-39.45° 

= 1.4275-i 1.1746 
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Chapter 9, Problem 13. 


Evaluate the following complex numbers: 
l-j6 -S + jll 


(b) 

(c) 


(5ZlQ'’)(10Z-40") 
(4Z-80”)(-6Z50") 
2 + 73 -j2 

-j2 8-75 


Chapter 9, Solution 13. 

(a) (-0.4324 + 70 . 4054 >f (-0.8425 - 70 . 2534 ) = -1.2749 + 70 .1520 


50Z-30” 

(b) 2.0833 =-2.083 

24Z150" - - 


(c) (2+i3)(8-i5)-(-4) = 35+il4 


Chapter 9, Problem 14. 

Simplify the following expressions: 
(5- 76 )-( 2 + 78 ) 


(a) 


(b) 


(c) 


(-3 + 74)(5-7) + (4-76) 
(240Z75" +160Z-30")(60-780) 
(67 + 784)(20Z32”) 

^ 10 + 720 ^ 

3 + 74 


V(10+75)(16-7l20) 


Chapter 9, Solution 14. 

3_jl4 14 318Z-77 91° 

(a) -= = 0.7788Z169.71° = -0.7663 + j0.13912 

-7 + jl7 18.385Z112.38° - - - 

(62.116+ 723 1.82 +138.56-780)(60-78Q) 24186-6944.9 ^ 

(67 + 784)(1 6.96+ 710.5983) ~ 246.06 + 72134.7 ~ — 

(- 2 + 74 )" ^'(260-7120) = (20Z - 126.86°)(16.923Z -12.38°) = 
338.46Z-139.24° = -256.4-7221 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pait 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher, or used bevond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without permission. 



Chapter 9, Problem 15. 


Evaluate these detenninants: 


(a) 


10+76 

-5 


2-;3 

-1 +J 


20Z-30° -4Z-10° 
16Z0° 3Z45° 


(c) 


l-J 

j 

1 


- j 

1 

7 


0 

-7 

1 + 7 


Chapter 9, Solution 15. 


(a) 


10 +j6 2-j3 
-5 -1+j 


-10-j6+jl0-6+ 10-jl5 


-6-ill 


(b) 


20Z-30° -4Z-10° 
16Z0° 3Z45° 


60Z15° + 64Z-10° 


= 57.96+jl5.529 +63.03 -jl 1.114 

= 120.99 + Ì4.415 


(c) 



= l + l + 0-l-0 + j^(l-j) + j^(l + j) 


= l-l(l-j + l + j) 

= 1 -2 = -1 
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Chapter 9, Problem 16. 


TransfoiTQ the following sinusoids to phasors: 

(a) -10cos (4/+ 75") 

(b) 5sin(20t- 10") 

(c) 4 cos2/ + 3 sin 2t 

Chapter 9, Solution 16. 


(a) -10 cos(4t + 75^) = 10 cos(4t + 75^ - 180^) 

= 10cos(4t-105^) 

Thc phasor foiTn is lOZ-105'^ 

(b) 5 sin(20t - 10°) = 5 cos(20t - 10° - 90°) 

= 5cos(20t-100°) 

Thc phasor foiTn is 5Z-100° 

(c) 4 cos(2t) + 3 sin(2t) = 4 cos(2t) + 3 cos(2t - 90°) 
Thcphasorfonnis4Z0° + 3Z-90° = 4-j3 = 5Z-36.87° 


Chapter 9, Problem 17. 


Two voltagcs vi and appcar in scrics so that thcir sum is v = vi + v^. If vi = 10 
cos(50t - ^ )V and V 2 = 12cos(50/ + 30") V, find v. 


Chapter 9, Solution 17. 

V =v^+v, =10 < -60" +12 < 30" = 5- j8.66 + 10.392 + j6 = 15.62< -9.805" 
V = 15.62cos(50t-9.805") V - 15.62cosf50t-9.81 V 
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Chapter 9, Problem 18. 


Obtain the sinusoids coiTesponding to eaeh of the following phasors: 

(a) Vi =60Z15"V, ío =1 

(b) V2 =6+j8 V, =40 

(c) Ii =2.8e A, co =377 

(d) !^ =-0.5-jl.2 A, (0 = 10' 


Chapter 9, Solution 18. 


(a) 

v,(t) = 60 cosft + IS®! 

(b) 

V^ = 6+j8 = 10Z53.13° 


vAt) = 10 cos(40t +53.13°) 

(c) 

= 2.8 cosí377t - 71/3) 

(d) 

I2 = -0.5-j 1.2 = 1.3Z247.4' 


iAt) = 1.3 cosílO't + 247.4°! 
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Chapter 9, Problem 19. 

Using phasors, fínd: 

(a) 3cos(20í + 10“) - 5 cos(20í- 30") 

(b) 40 sin 50í + 30 cos(50í - 45") 

(c) 20 sin 400í + 10 cos(400í + 60") -5 sin(400í - 20") 


Chapter 9, Solution 19. 


(a) 3Z10°-5Z-30" = 2.954+j0.5209-4.33 +j2.5 

= -1.376+j3.021 
= 3.32Z114.49" 

Therefore, 3 eos(20t + 10°) - 5 cos(20t - 30°) = 3.32 cost^Ot + 114.49°! 

(b) 40Z-90° + 30Z-45° = -j40 + 21.21 -j21.21 

= 21.21 -j61.21 
= 64.78Z-70.89° 

Therefore, 40 sin(50t) + 30 cos(50t - 45°) = 64.78 costSOt - 70.89°) 

(c) Using sina = cos(a - 90°), 

20Z-90° + 10Z60° - 5Z-110° = -j20 + 5 + j8.66 + 1.7101 + j4.699 

= 6.7101 -j6.641 
= 9.44Z-44.7° 

Therefore, 20 sin(400t) + 10 eos(400t + 60°) - 5 sin(400t - 20°) 

= 9.44 cost400t - 44.7°1 


Chapter 9, Problem 20. 

A linear network has a cuiTent input 4cos( íu í + 20")A and a voltage output 10 
cos( (ot +110") V. Determine the associated impedance. 


Chapter 9, Solution 20. 


/ = 4<20", V=10<110" 

Z = ^=10<110"=2.5<90" = A5fì 
I 4<20" - 
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Chapter 9, Problem 21. 

Simplify the following: 

(a) /(í) = 5 cos(2í + 150 - 4sin(2í -30“) 

(b) g(t) = 8 siní + 4 cos(í + 50") 

(c) /î(í) = |(10cos40í+ 50sin40t)Jí 


Chapter 9, Solution 21. 

(a) F = 5Z15" - 4Z -30" -90" = 6.8296 + /4.758 = 8.3236Z34.86" 

/(í) = 8.324cos(30í +34.86”) 


(b) G = 8Z-90" +4Z50" =2.571-/4.9358 = 5.565Z-62.49" 

g(f) = 5.565cos(t-62.49") 


(c) H = -!-(iOZO"+ 50Z-90"! co = 40 
jco' 

i.e. H = 0.25Z - 90° +1.25Z -180° = -jO.25 -1.25 = 1.2748Z -168.69° 

h(t) = 1.2748cos(40t- 168.69°) 


Chapter 9, Problem 22. 

An altemating voltage is given by v(t) = 20 cos(5/ - 30'’) V. Use phasors to find 

I í 

10v(t) + 4 — - 2 ^v(t)dt 

—oc 

Assume that the value of the integral is zero aìt = - oo. 


Chapter 9, Solution 22. 

I î 

Let f(t)=10v(í) + 4—-2 |v(t)c/í 


F = lOL + jco4V - 


dt 

7<y 


(0 = 5, V = 20Z-30" 


F = lOV + j20V- j0.4V = (10 + j20.4)(17.32 - jlO) = 454.4Z33.89" 


f(t) = 454.4 cos(5t +33.89°) 
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Chapter 9, Problem 23. 

Apply phasor analysis to evaluate the following. 

(a) V = 50 eos(íy / + 30'’) + 30 cos{û}t + 90'’ )V 

(b) / = 15 eos(^r + 45'’)- 10sin(íyr + 45'’)A 


Chapter 9, Solution 23. 

(a) V = 50 < 30'’ + 30 < 90'’ = 43.3 + j25 - j30 = 43.588 < -6.587'’ 

v = 43.588 eos(á;t -6.587'’) Y = 43.49cosfcot-6.591 V 

(b) / = 15 < ^^^’ -10 < ^^^’ -90'’ = (10.607 + jl0.607) - (7.071 - 77.071) = 18.028 < 78.69'’ 

i = 18.028eos((^/ + 78.69'’) A = 18.Q28cos(íot+78.69°) A 

Chapter 9, Problem 24. 

Find v(/) in the following integrodifferential equations using the phasor approach: 

(a) v(/) + |v íi/=10cos/ 

(b) —+5v(í) + 4Ív * = 20sin(4r + 10”) 

dt ■' 

Chapter 9, Solution 24. 

(a) 

V 

v + —= 10Z0°, £ 0=1 
J® 

V(l-j) = 10 
10 

V =-= 5 + j5 = 7.071Z45° 

1-J 

Therefore, v(t) = 7.071 cos(t + 45°) 


(b) 


j£oV + 5V + - 


4V 


J® 

\ 


j4 + 5 + — 
^ J4. 


= 20Z(10°-90°), 
20Z-80° 


co= 4 


V = 


20Z-80° 
5 + j3 


3.43Z-110.96° 


Therefore, v(t) = 3.43 cos(4t - 110.96°) 
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Chapter 9, Problem 25. 

Using phasors, determine i(t) in the following equations: 

(a) 2 — + 3i(t) = 4 cos(2; - 45") 

dt 

(b) 10 [/ í// + —+ 6/(í) =5cos(5í + 22") 

•' dt 


Chapter 9, Solution 25. 

(a) 


2j(oI + 3I = 4Z-45° 
I(3 + j4) = 4Z-45° 


( 0=2 


4Z-45° 
3 + j4 


4Z-45° 

5Z53.13° 


0.8Z-98.13° 


Therefore, i(t) = 0.8 cos(2t - 98.13°) 


(b) 


I 

10—+ jcoI + 6I = 5Z22°, (0 = 5 
J® 

(-j2 + j5 + 6)I = 5Z22° 


5Z22° 
6 + j3 


5Z22° 

6.708Z26.56° 


0.745Z-4.56° 


Therefore, i(t) = 0.745 cosl5t-4.56°) 


Chapter 9, Problem 26. 

The loop equation for a series RLC circuit gives 

— + 2/ + f idt = cos 2í 

Assuming that the value of the integral at í = - co is zero, find i{t) using the phasor 
method. 

Chapter 9, Solution 26. 

I 

j(oI + 2I + “; = 1Z0°, (0=2 

Therefore, i(t) = 0.4 cos(2t - 36.87^) 
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Chapter 9, Problem 27. 


A parallel RLC circuit has the node equation 

— = 50v + 100 Ívt/í = 110cos(377í-10") 
dt ■' 

Determine v(t) using the phasor method. You may assume that the value of the integral at 
t = - oo is zero. 

Chapter 9, Solution 27. 


jcoV + 50V + 100—=110Z-10° 
J® 


V j377 + 50- 


jlOO 


= 110Z-10° 


377 y 

V(380.6Z82.45°) = 110Z-10° 
V = 0.289Z-92.45° 


(0 = 377 


Therefore, v(t) = 0.289 cos(377t - 92.45°) . 


Chapter 9, Problem 28. 


Deteimine the euiTent that flows thi'ough an 8-Í2 resistor conneeted to a voltage source 
v,=110cos377íV. 


Chapter 9, Solution 28. 


i(t) = 


v.,(t) 

R 


110cos(377t) 

8 


= 13.75 cost377tl A . 
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Chapter 9, Problem 29. 


What is the instantaneous voltage across a 2- // F capacitor when the cuirent through it is 
î=4sin(10''r+25")A? 


Chapter 9, Solution 29. 


Z =-=-7-^ = - j 0.5 

jcoC j(10'')(2xl0-'^) 

V = IZ = (4Z25°)(0.5Z - 90°) = 2Z - 65° 
Therefore v(t) = 2 singO^t - 65°) V . 


Chapter 9, Problem 30. 


A voltage v(t) = 100 cos(60t + 20^^) V is applied to a parallel combination of a 40-kíì 
resistor and a 50- // F capacitor. Find the steady-state cuiTents through the resistor and the 
capacitor. 


Chapter 9, Solution 30. 

Since R and C are in parallel, they have the same voltage across them. For the resistor, 

V = I,R -> = =2.5<20”mA 

" " 40k 

/^ = 2.5cos(60t+ 20"") mA 
Forthe capacitor, 

i^=C — = 50.ïl0-''(-60).ïl00sin(60í + 20") = -300sin(60r + 20") mA 
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Chapter 9, Problem 31. 


A series RLC eircuit has R = S0 C1,L = 240 mH, and C = 5 mF. If the input voltage is 
v(t) =10 eos 2t find the cuiiTent flowing through the circuit. 

Chapter 9, Solution 31. 

L = lAOmH -> jcoL = ì2xlA0xl0~^ = jO.48 

C = 5mF -> ^—=-- 7 = -7100 

jcoC j2x5xl0~^ 

Z = 80 + 70.48-7100 = 80-799.52 
V 10 <0^ 

I = ^ = --= 0.0783 < 51.206'’ 

Z 80-7*99.52 

i(t) = 78.3eos(2t + 51.206'’)mA = 78.3cos(2t+51.261 mA 
Chapter 9, Problem 32. 


For the network in Fig. 9.40, find the load cuiTent I ^. 




n 


100/0° v(í) 


Lo 

5+j 


Figure 9.40 

ForProb. 9.32. 


Chapter 9, Solution 32. 

V 100 ^O'’ 

/ = - = = 12.195 -9.756 = 15.62 < -38.66'’ A 

z 5+74 - 
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Chapter 9, Problem 33. 


A series RL circuit is conncctcd to a 110-V ac sourcc. If thc voltagc across thc rcsistor is 
85 V, find thc voltagc across thc inductor. 

Chapter 9, Solution 33. 


110 = VvÌ+v^ 
v, = VllO^-vi 
Vl = Vll0"-85" = 69.82 V 


Chapter 9, Problem 34. 


What valuc of co will causc thc forccd rcsponsc v^ in Fig. 9.41 to bc zcro? 


20. 

-NWsr 


50 cos o)t V 


© 



Figure 9.41 

For Prob. 9.34. 

Chapter 9, Solution 34. 


co = 


v„ = 0 if coL : 
1 


V(5xl0“^)(20xl0“^) 


1 1 
coC VLC 

= 100 rad/s 
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Chapter 9, Problem 35. 


Find current i in the circuit of Fig. 9.42, when (t) = 50 cos200r V. 


ì 10 Q. 5 mF 



Figure 9.42 

For Prob. 9.35. 


Chapter 9, Solution 35. 

v,(r)=50cos200t -> y, =50<0%á; = 200 

5mF -> —— =-^^ = -j 

jcoC j200x5xl0-' 

2{)mH -> jú)L = 720 x 1 0“' x200 = jA 

^..= 10-7 + 74 = 10+73 

V 50 < O'' 

/ = -^ = = 4.789 < -16.7" 

10+73 

/(0 = 4.789cos(200/-16.7") A 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distríbution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou aie using it without permission. 

















Chapter 9, Problem 36. 


In the circuit of Fig. 9.43, determine /. Let = 60 cos(200/ - lO'’ )V. 


Ì 2kO lOOmH 


- VVVA^ - 

-- 


:D í 

> 1 kQ 10 juF = 



Figure 9.43 

For Prob. 9.36. 


Chapter 9, Solution 36. 


Let Z be the input impedance at the source. 
lOOmH -> jû}L = j200xì00xl0~^ = j20 

10//F -> —!—=-!--= -;500 

j(oC 7l0.ïl0'^ï200 

1000//-j500 = 200-j400 
1000//0'20 + 200 -j400) = 242.62 -j239.84 

Z = 2242.62 - 7239.84 = 2255Z - 6.104" 

I = —-= 26.61Z-3.896" mA 

2255Z-6.104" 

i = 266.1 cos(200/ - 3.896" )mA 
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Chapter 9, Problem 37. 


Determine the admittance Y for the circuit in Fig. 9.44. 



Figure 9.44 

For Prob. 9.37. 


Chapter 9, Solution 37. 


F = t + — + —'—= 0.25- 70.025 S=250-i25mS 
4 ;8 -jlO -^- -- 
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Chapter 9, Problem 38. 

Find /(/) and v(/) in each of the circuits of Fig. 9.45. 


10 cos (3f + 45°) A 


0 


4£ì^ áF 


(a) 


50 cos 4r V 


(S) 



(b) 

Figure 9.45 

For Prob. 9.38. 


Chapter 9, Solution 38. 

(a) -F > j(3)(l/6)"'J^ 

-j2 

I = -^(10Z45°) = 4.472Z-18.43° 

4-j2' 

Hence, i(t) = 4.472 cosGt - 18.43°J A 

V = 41 = (4)(4.472Z -18.43°) = 17.89Z -18.43° 
Hence, v(t) = 17.89 cos(3t - 18.43°) V 

(b) -F > j^" j(4)(l/12)"'-'^ 

3H -> ja)L = j(4)(3) = jl2 


V 50Z0° 

1 = — = -—— = 10Z36.87° 

Z 4 - j3 

Hence, i(t) = 10 cosf4t + 36.87^) A 
jl2 


V = 


8 + jl2 


(50Z0^) = 41.6Z33.69^ 


Hence,v(t) = 41.6 cosf4t + 33.69^t V 
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Chapter 9, Problem 39. 


For the circuit shown in Fig. 9.46, find z and use that to find current I. Let co = 10 
rad/s. 


12 / 0 ° 



Figure 9.46 

For Prob. 9.39. 


Chapter 9, Solution 39. 

= 4 + 720 +10 //(-jl 4 + 725) = 9.135 + 727.47 Q 


y 12 

/ = — =-= 0.4145 < -71.605" 

9.135 + 7*27.47 

/(0 = Q.4145cos(lQt-71.6Q5") A - 414.5cosflQt-71.6 t mA 
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Chapter 9, Problem 40. 


In the circuit of Fig. 9.47, fìnd when: 

{ 3 ) 0 ) = \ rad/s (b) íu = 5 rad/s 

(c) < 5 ; = 10 rad/s 



Figure 9.47 
For Prob. 9.40. 
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Chapter 9, Solutíon 40. 


(a) For £0=1, 

IH -> jcoL = j(l)(l) = j 

1 1 

0.05 F — 


jcûC j(l)(0.05) 


= -j20 


Z = j + 2||(-j20) = j-t 


-j40 


2 -j20 
4Z0° 4Z0 


= 1.98 +jO. 802 


V 

" ” Z ” 1.98 + j0.802 2.136Z22.05° 

Hence, i„(t) = 1.872 costt - 22.05°) A 


■ = 1.872Z-22.05° 


(b) For £0=5, 

IH -> j£oL = j(5)(l) = j5 

1 1 


0.05 F 


j£oC j(5)(0.05) 
■j4 


= -j4 


Z = j5 + 2 11 (-j4) = j5 + = 1.6 + j4.2 


I. 


4Z0° 


4Z0° 


Z 1.6+ j4 4.494Z69.14° 
Hence, i„(t) = 0.89 cos(5t- 69.14°) A 


= 0.89Z-69.14° 


(c) For £0=10, 

IH -> j£oL = j(10)(l) = jl0 

1 1 

0.05 F -> -=-= -j2 

j£oC j(10)(0.05) 

Z = jlO + 2 II (-j2) = jl0 + = 1 + j9 


V 4Z0° 
l + j9 


4Z0° 


Henee, i„(t)^ 


9.055Z83.66 

0.4417 cosa0t-83.66°ÌA 


= 0.4417Z-83.66° 
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Chapter 9, Problem 41. 


Find v(/) in the RLC drcuit of Fig. 9.48. 


1 Çì 

- vwv- 


10 cos î V 


0 


1 Q 


1 F -r 


+ 

:v(/) 


Figure 9.48 
For Prob. 9.41. 


Chapter 9, Solution 41. 


co= 1, 

IH -> jcoL = j(l)(l) = j 

1 1 

1 F -> -=-= - j 

jcoC j(l)(l) ^ 

Z = l + (l + j)||(-j) = l + ^ = 2-j 


Thus, 



F = (i + j)i 


V = (-j)(l + j)I = (l-j)I = 


(i-j)(io) 

2-j 


v(t) = 6.325 cos(t -18.43°) V 


6.325Z-18.43° 
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Chapter 9, Problem 42. 


Calculate v^(t) in the circuit of Fig. 9.49. 


50 a 





Figure 9.49 

For Prob. 9.42. 


Chapter 9, Solution 42. 


co = 200 


50 ^iF 


1 

jcûC 


1 

j(200)(50xl0-'') " 


0.1 H 


jcoL = j(200)(0.1) = j20 


(50)(-jl00) -jlOO 

50 -jlOO = ^ = 40- j20 

" •* 50-jlOO l-j2 •" 


j20 j20 

V„ =- - -(60Z0°) = —(60Z0°) = 17.14Z90° 

“ j20 + 30 + 40-j20 70 ^ ^ 


Thus, V (t) = 17.14 sin(2Q0t + 90‘^ì V 
oi v„ (t) = 17.14 cost20QH V 
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Chapter 9, Problem 43. 

Find cuiTent in the circuit shown in Fig. 9.50. 


60/0" V í I 



100 Q 
■AAAA^ - 


jmn 


-/40 Q. 


Figure 9.50 
For Prob. 9.43. 


Chapter 9, Solutîon 43. 

Z. =50+j80//(100-j40) = + = 105.71 + j57.93 

100+740 

L = -= 0.4377 - 0.2411 = 0.4997 < -28.85'^ A = 499.7Z-28.85^ mA 

- - 


Chapter 9, Problem 44. 

Calculate i(t) in the circuit of Fig. 9.51. 



Forprob. 9.44. 


Chapter 9, Solution 44. 

co= 200 


Thus, 


10 mH 
5mF 


jcoL = j(200)(10xl0-^) = j2 

_í _ 1 _ 

jcoC “ j(200)(5xl0-^) 


1 1 1 3+j 

¥ = - + — + T—: = 0.25 - jO.5 + = 0.55 - jO.4 


4 j2 3-j 


1 


1 


Y 0.55-jO.4 
6Z0° 6Z0 


Z = —= 

1 = 

5 + Z 6.1892 + j0.865 
i(t) = 0.96 cost200t-7.956°ì A 


10 

= 1.1892 + j0.865 

= 0.96Z-7.956° 
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Chapter 9, Problem 45. 

PSML 


Find cuiTent in the network of Fig. 9.52. 



5Z0!a(|) -fin== 


Figure 9.52 

For Prob. 9.45. 


Chapter 9, Solution 45. 


We obtain by applying the prineiple of eun'ent division twice. 

I h 


(a) 



h 


I„ 


-j2í2 


(b) 


la 


Zi=-j2, 

z. 


Z, = j4 + (-j2)||2 = j4 + ^ = l + j3 


I 


I 


-j2 


Zi + Zj - j2 +1 + j3 


-(5Z0°) = 


-j2 

2-j2^ 


I, 


h 




U + j, 


-10 

1 + 1 


-jlO 

1 +j 

-5A 
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Chapter 9, Problem 46. 

ps 

If i ^ =5 cos(10í + 40'’) A in the circuit of Fig. 9.53, íind . 



Figure 9.53 

For Prob. 9.46. 


Chapter 9, Solution 46. 


Lct 


i^ = 5cos(10t + 40^) 
0.1 F - 
0.2 H 


1 


+ I, =5Z40° 
1 


^ jcoC j (10X0.1) 
jcoL = j(10)(0.2) = j2 




Z, 0.8 + jl.6 

I. = , (5Z40°) 


Z, + Zj 


I = 


3.8 + j0.6 

(1.789Z63.43°)(5Z40°) 


3.847Z8.97° 

Thus, i (t) = 2.325 cosdOt + 94.46°1 A 


= 2.325Z94.46° 


Z,=3-j 
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Chapter 9, Problem 47. 


In the circuit of Fig. 9.54, detennine the value of i ^ (t). 


/,(t) 2 0. 2mH 



Figure 9.54 

For Prob. 9.47. 


Chapter 9, Solution 47. 


First, we conveit the circuit into the fì'equency domain. 


Iv = 



20 Q 


^ -jlQ(2Q + j4) 2 + 4.588 - j8.626 1Q.854Z - 52.63^ 

-jlQ + 2Q + j4 


■ = Q.46Q7Z52.63" 


is(t) = 460.7cos(200Qt +52.631 mA 
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Chapter 9, Problem 48. 

ps 

Given that V, (í) = 20 sin(100t - 40") in Fig. 9.55, detennine (t). 


10 f2 30 D 



Figure 9.55 
For Prob. 9.48. 

Chapter 9, Solution 48. 

Conveiting the eireuit to the frequency domain, we get: 


10 Q Vi 30 Q 



We ean solve this using nodal analysis. 
Vi-20Z-40° Vi-0 Vi-0 


- + - 


0 


10 j20 30-j20 

Vi(0.1 - j0.05 + 0.02307 + j0.01538) = 2Z- 40° 
2Z40° 


Vi = 


0.12307-j0.03462 
15.643Z-24.29= 


= 15.643Z-24.29° 


30-j20 


: 0.4338Z9.4° 


ix =0.4338sin(100t + 9.4°)A 
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Chapter 9, Problem 49. 


Find (t) in the circuit of Fig. 9.56 if the cuirent i^ through the l-Q resistor is 0.5 sin 

200r A. 


20 1 O 



Figure 9.56 

For Prob. 9.49. 


Chapter 9, Solution 49. 




= 2 + j2||(l-j) = 2 + 


(j2)(l-j) 
1 + j 


= 4 


I Ix 



I, 


j2 


I 


j2 +1 - j 1 + j 


:I 


1+j 1+j 

1 =-=-J 

j2 j4 


1 

where = 0.5ZO'' = — 
^ 2 


V =IZ, 


1 + j 1 j 

—- (4) = —- = 1 - j = 1.414Z - 45^ 
j4 j 


v,(t) = 1.414 sint2Q0t-45°ì V 
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Chapter 9, Problem 50. 


Deteimine in the cireuit of Fig. 9.57. Let i ^ (t) = 5 eos(100/ + 40^^ )A. 



0.1 H 


=L 1 mF 20 a 



Figure 9.57 

For Prob. 9.50. 


Chapter 9, Solution 50. 


Sinee o) = 100, the induetor = j 100x0.1 = j 10 and the eapaeitor = 1 /(j 100x10'^) 

= -jioa 


jlO Ix 



Using the euirent dividing mle: 

I„ =--5Z40° = -i2.5Z40° = 2.5Z - 50° 

-jl0 + 20 + jl0 

Vx =20Ix =50Z-50° 

Vx =50cos(100t-50°)V 
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Chapter 9, Problem 51. 


If the voltage v ^ across the 2- Çì resistor in the eireuit of Fig. 9.58 is 10 cos2t V, obtain 


0.1 F 0.5 H 



Figure 9.58 

For Prob. 9.51. 


Chapter 9, Solution 51. 


0.1 F 
0.5 H 


1 

jcoC 

j®L 


1 

j( 2 )( 0 . 1 )“' 
j(2)(0.5) = j 


The cun ent I through the 2-^ resistor is 

1 _ L 


I 


I 


l-j5 + j + 2 ^ 3-j4’ 

I 3 =(5)(3-j4) = 25Z-53.13= 


where I = — Z0° = 5 
2 


Therefore, 

i,(t) = 25 cost2t-53.mA 
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Chapter 9, Problem 52. 


If V„ = 8 Z 30" V in the circuit of Fig. 9.59, fmd I 


-jsn 



Figure 9.59 
For Prob. 9.52. 


Chapter 9, Solution 52. 


j25 j5 

5|lj5 = 7^ = 7^ = 2.5 + j2.5 


5 + j5 1 + j 

Z, =10, 


Z,=-j5 + 2.5 + j2.5 = 2.5-j2.5 


h 

V„=I,(2.5 + j2.5) 
8Z30° = 


f 4 ^ 


v5 - }J 


10(1+ j) 

I,(2.5)(l + j) = ^-^I, 

^ J 


(8Z30°)(5-j) 

I , = ^- . = 2.884Z-26.31° A 

10 1 + j - 
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Chapter 9, Problem 53. 


Find in the circuit of Fig. 9.60. 

4Q. 




Figure 9.60 

For Prob. 9.53. 


Chapter 9 , Solution 53. 

Conveit the delta to wye subnetwork as shown below. 

Zi 


60Z- 



lOÍ^ 


V _-j2x4_ 8Z-90" _ , . ^ _j6x4_^ 

Z] —-—-— —1 — jl, Zt —-— 3 + j3, 

^ 4 + j4 5.6569Z45^ ^ 4 + j4 


(Z 3 + 8 ) //(Z 2 +10) = (9.5 - jl .5) //(13 + j3) = 5.691Z0.21^ = 5.691 + j0.02086 
Z = 2 + Zi + 5.691 + j0.02086 = 6.691 - j0.9791 


I 


o 


60Z-30” 

Z 


60Z-30” 

6.7623Z-8.33“ 


8.873Z-21.67” A 
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Chapter 9, Problem 54. 

PSML 

In the cireuit of Fig. 9.61, fínd V, if I „ = 2 Z 0" A. 


-72 £2 -j\íì 



Figure 9.61 
For Prob. 9.54. 


Chapter 9, Solutíon 54. 

Since the left poition of the eircuit is twiee as large as the right poition, the 
equivalent eireuit is shown below. 



2Z 


V2 Vl 


z 



%=I„(l-j) = 2(l-j) 

V, = 2V.=4(l-j) 

V, =-Vi-V2=-6(l-j) 
V, = 8.485Z-135° V 
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Chapter 9, Problem 55. 


±í 


ML 


* Find Z in the network of Fig. 9.62, given that = 4^0""^. 



Figure 9.62 

For Prob. 9.55. 


* An asterisk indieates a challenging problem. 

Chapter 9, Solution 55. 


12 Q I Ii Z 



I2 


I,(Z + j8) _ (-j0.5)(Z + j8) _Z . 

-j4 -j4 8^J 


I - 1, +I 2 - -j0.5+ g + j - g + jO.5 


-j20 = 121 + 1,(Z + j8) 

-j20 = 12[| + j] + ^(Z + j8) 

-4-j26 26.31Z261.25° 

“ 3 _ .j_ “ 1.5811Z-18.43° 
2 ^ 2 

Z = 2.798-116.403 0 


16.64Z279.68° 
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Chapter 9, Problem 56. 


At 0 )= 377 rad/s, find the input impedance of the eircuit shown in Fig. 9.63. 


12 0 50 alF 

o - VAA/ - 


> 60 mH 


- 40 0 


Figure 9.63 

For Prob. 9.56. 


Chapter 9, Solution 56. 

SOjuF -> 

60mH -> 

=12-j53.05 + 722.62//40 


jù}C 7377x50x10-' 

jcoL = 7377x60x10-' = j22.62 

21.692-735.91 Q 


Chapter 9, Problem 57. 


At co= \ rad/s, obtain the input admittanee in the cireuit of Fig. 9.64. 


1 o 

o - VVW- 



o- 



1 F 


Figure 9.64 

For Prob. 9.57. 


Chapter 9, Solution 57. 

2H - > j(oL = j2 


IF -> 

Z = l + j2//(2 


1 

jcoC 


j) = l + 


j2(2-j) 
j2 + 2-j 


2.6 + jl.2 


Y= = 0.3171-j0.1463 S 
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Chapter 9, Problem 58. 

Find the equivalent impedanee in Fig. 9.65 at cl>= 10 krad/s. 



lOOiïiH 

1 kD 


Figure 9.65 

For Prob. 9.58. 


Chapter 9, Solution 58. 


2juF 

lOOmH 




-=- 2 -^ = -750 

j(oC jl0^x2xl0~^ 

> jú)L = 710 '' xl 00 xl = 71 000 


Z,. = (400-^50)//(1000+ ;1000) = = 336,244 ;21.83 Q 

Chapter 9, Problem 59. 

For the network in Fig. 9.66, fínd Z|,,. Let íw= 10 rad/s. 



Figure 9.66 
For Prob. 9.59. 


Chapter 9, Solution 59. 

0.25F -> 

j(oC 


-= -;0.4 

710x0.25 


0.5H 


> j(oL = 71 0x0.5 = 75 


j5 


(5-j0.4) 


(5Z90°)(5.016Z-4.57°) 

6.794Z42.6P 


3.691Z42.82° 


= 2.7Q7+Ì2.5Q9 fì . 
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Chapter 9, Problem 60. 

Obtain Zfor the circuit in Fig. 9.67. 


25 n 715 O 



Figure 9.67 

For Prob. 9.60. 

Chapter 9, Solution 60. 

Z = (25 + jl 5) + (20 - jSO) //(30 + 71 0) = 25 + jl 5 + 26.097 - j5.122 = 51.1 + 79.878Q 


Chapter 9, Problem 61. 

Find in thc circuit of Fig. 9.68. 


o - 

1 

[ 

1-7 Q 


1-1 \ 

r 1 1 


1_1 

1 + j3 íì 

1 + j 2 n 


1 

jsn 

[ 


Figure 9.68 

For Prob. 9.61. 


Chapter 9, Solution 61. 

All of thc impcdanccs arc in parallcl. 


J_ ì_ 1 ]_ 1 

+ j5’^l + j3 

J = (0.5 + jO.5) + (0.2 - jO.4) + (-jO.2) + (0.1- jO.3) = 0.8 - jO.4 


1 

” 0.8-j0.4 


1 + iO.5 fì 
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Chapter 9, Problem 62. 


For the circuit in Fig. 9.69, find the input impedance at 10 ki'ad/s. 


50 O 2 mH 



2v 


Figure 9.69 

For Prob. 9.62. 


Chapter 9, Solution 62. 

2mH — 
IpF 


IZO'’ 


jcoL = j(10xl0')(2xl0-') = j20 
1 1 

—> -=-í- T = - jl 00 

jcoC j(10xl0')(lxl0-'’) ■' 

50 j20í2 


V = (1Z0°)(50) = 50 

V,„ = (1Z0°)(50 +j20-jl00) + (2)(50) 
V.„ =50-j80 + 100 = 150-j80 



2V 


Z;.. = ■ 


IZO' 


= 150-i80fì 
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Chapter 9, Problem 63. 

±í 

ML 

For the circuit in Fig. 9.70, find thc valuc of . 


8 n -jl2 íi -jl6 íì 
O -- \\- 


20 Q : 


j[5 Q : 


10 Q 

-^wvv- 
-/16 Q 


10 n 


■ 10 Q 


Figure 9.70 

For Prob. 9.63. 

Chapter 9, Solution 63. 

First, rcplacc thc wyc composcd of thc 20-ohm, 10-ohm, and jl5-ohm impcdanccs with 
thc coiTcsponding dclta. 

200 + jl50 + j300 
zi =-^— -= 20 + j45 


^2 


10 

200 + j450 
jl5 


:30-jl3.333, Z 3 = ^^^^^Ìj^ = 10 + j22.5 


sn -.ii2 0 


20 

-jl6íî 



10 Í2 


10 fí 


Now all wc nccd to do is to combinc impcdanccs. 

II ^ (30-jl3.333)(10-jl6) ^ g ,, 1-3 933 

" 40-j29.33 

Z3||(10-jl6) = 21.70-j3.821 

Zx = 8 - jl2 + zi||(8.721 - j8.938 + 21.7 - j3.821) = 34.69-j6.93fì 
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Chapter 9, Problem 64. 

Find Tij and I in the circuit of Fig. 9.71. 

I 4Q 60 


30/90! V 



Figure 9.71 

For Prob. 9.64. 

Chapter 9, Solution 64. 


Zx = 4 + —= 19 - jSÍÍ 


6 -j2 


30Z90° 


-0.3866 + jl .4767 = 1.527Z104.7° A 


Chapter 9, Problem 65. 

Dctcmiinc Zj and I for thc circuit in Fig. 9.72. 


4 o -;6 ^ 



Figure 9.72 

For Prob. 9.65. 


Chapter 9, Solution 65. 

Z, = 2 + (4-j6)||(3 + j4) 

„ , (4-j6)(3 + j4) 

" 7-j2 

Zt = 6.83+ i 1.094 n = 6.917Z9.1° fì 


V 120Z10° 
Zt ” 6.917Z9.1° 


17.35Z0.9° A 
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Chapter 9, Problem 66. 


For the drcuit in Fig. 9.73, calculate and . 



Figure 9.73 
For Prob. 9.66. 
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Chapter 9, Solutíon 66. 


(20-j5)(40 + jl0) 170 

Z, = (20- j5)ll (40.J10) = = j) 

Zt = 14.069-il.172 0 = 14.118Z-4.76° 


V 60Z90° 

“ 14.118Z-4.76° 


4.25Z94.76° 


I 



40 + jl0 8 + j2 

' “ 60 + j5 12 + j^ 

20-j5 4-j 

1 =-^1 =-^l 

" 60 +j5 12+ j 


V,, =-20I,+jl0I, 


V,, 


-(160 + j40) 10 + j40 

12 + j 12 + j ^ 

-150^_ (-12 + j)(150) ^ 

12 + j 145 

(12.457Z175.24°)(4.25Z97.76°) 
52.94Z273° V 
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Chapter 9, Problem 67. 

At co =10^ rad/s fïnd the input admittance of eaeh of the eireuits in Fig. 9.74. 


60 a 60 Í 2 




For Prob. 9.67. 


Chapter 9, Solution 67. 


(a) 


20 mH 
12.5 pF 


jcoL = j(10')(20xl0-') = j20 
1 1 


jcoC j(10')(12.5xl0-'’) 
Z,„ =60 +j2011(60-j80) 

(j20)(60-j80) 


= -j80 


Z;., =60 + 

z 


60-j60 
63.33 + j23.33 = 67.494Z20.22° 


1 


14.8Z-2Q.22° mS 


(b) 


10 mH 
20 pF 


> jcoL = j(10^)(10xl0-^) = jl0 

1 1 

:^ = -j50 


jcoC j(10')(20xl0-'') 

30 II 60 = 20 

Z,„ =-j50 +2011(40+ jl0) 

(20)(40 + jl0) 


Z,„=-j50 + 
Z 


60 + jl0 
13.5 - j48.92 = 50.75Z - 74.56° 


1 

Y,, = —= 19.7Z74.56° mS = 5.24 + jl8.99 mS 

Zi„ 
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Chapter 9, Problem 68. 


Detemiine for the cireuit in Fig. 9.75. 



Figure 9.75 

ForProb. 9.68. 


Chapter 9, Solution 68. 

1 1 1 
Y =-+-+- 

5-j2 3 + j -j4 

- (0.1724 + j0.069) + (0.3 - jO. 1) + (jO.25) 


= 0.4724 + iO.219 S 
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Chapter 9, Problem 69. 

Find the equivalent admittanee of the cireuit in Fig. 9.76. 


2S IS -73 S -jlS 



Figure 9.76 
For Prob. 9.69. 

Chapter 9, Solution 69. 


_ì_ 


1 1 1 

- +-= -(l + j2) 

4 -j2 4^ ^ 


4 

l + j2 


(4)(l-j2) 

5 


0.8-jl .6 


Y„+j = 0.8-j0.6 


■^ = T + + n / n ^ = (1) + (J^-^33) + (0.8 + jO.6) 

1 -j3 0.8-J0.6 

1 

—r = 1.8 +jO.933 = 2.028Z27.4P 

V 

y/ = 0.4932Z - 27.41 ° = 0.4378 - j0.2271 

Y„'+j5 = 0.4378+ j4.773 

1 1 1 0.4378-j4.773 

-= - +-= 0.5 +- - - 

Y^^ 2 0.4378+ J4.773 22.97 

1 

— = 0.5191-j0.2078 


0.5191-j0.2078 

Y =- - - 

0.3126 


1.661 + iO.6647 S 
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Chapter 9, Problem 70. 


±í 


ML 


Find the equivalent impedance of the cireuit in Fig. 9.77. 



Figure 9.77 
For Prob. 9.70. 
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Chapter 9, Solution 70. 


Make a delta-to-wye transfonnation as shown in the figure below. 



Z.„ = 


(-jl0)(10 + jl5) (10)(15-jl0) 


5-jl0 + 10 + jl5 
(5)(10 + jl5) 


15 + j5 
(5)(-jl0) 
15 + j5 “ 


15 + j5 

= 4.5 + j3.5 


= 7-j9 


-l-j3 


Z 

Z 


eq 

eq 


z 


eq 


z 

z 


eq 

eq 


= Z^„+(Z,„+2)||(Z,„+8-j5) 

= 7-j9 + (6.5 + j3.5)||(7-j8) 

_7_ -9i. (6-5 + j3.5)(7-j8) 

■' 13.5-j4.5 

= 7-j9 + 5.511-j0.2 
= 12.51- j9.2 = 15.53Z-36.33° fì 
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Chapter 9, Problem 71. 


±í 


ML 


Obtain the equivalent impedance of the circuit in Fig. 9.78. 


jAÍÌ 

-- 

-J ^ 2 0 


]\ -^- VWV - o 



Figure 9.78 

For Prob. 9.71. 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the llmited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou are using it without permission. 















Chapter 9, Solutíon 71. 


We apply a wye-to-delta transformation. 

.j4Q 



(j4)(l - j) 

j4 II = j4 II (1 - j) = ^ 

1||Z^=1|| (l-tj) = ^^^^=0.6 + j0.2 
j4|| Z,,+l||Z,,=2.2-j0.6 


J_1_ 1 1 

^“^^-2 + j 2 ^ 2 . 2 - j 0.6 

= jO.5 - 0.25 - jO.25 + 0.4231 + jO. 1154 

= 0.173 + jO.3654 = 0.4043Z64.66° 

Z^^ = 2.473Z-64.66° Q = 1.058 - Ì2.235 Q 
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Chapter 9, Problem 72. 


±í 


ML 


Calculate the value in the network of Fig. 9.79. 


j6 n -j9 n 



Figure 9.79 
For Prob. 9.72. 
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Chapter 9, Solution 72. 


Transfomi the delta connections to wye connections as shown below. 


jl8Q 



■j9||-jl8 = -j6, 

^ ( 20 )( 20 ) _ 

‘ 20 + 20 + 10 
^ ( 20 )( 10 ) 

50 


(20)(10) 


Z,,=j2 + (j2 + 8)||(j2-j6 + 4) + 4 
Z,, = 4 + j2 + (8 + j2)||(4-j4) 


Z,, = 4 + j2 + 


(8 + j2)(4-j4) 


Z,, =4 +j2 +3.567-jl.4054 
Z,, = 7.567 + iO.5946 Q 
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Chapter 9, Problem 73. 


±í 


ML 


DeteiTnine the equivalent impedance of the cireuit in Fig. 9.80. 


a o- 


ò o- 


-j4 Í2 


2 Q -J^ 4 Q 

-^ww —^^— vwv — 


j6Q 


j8£2 


! 78 


jiin 


Figure 9.80 

ForProb. 9.73. 


Chapter 9, Solution 73. 

Transfoim the delta eonneetion to a wye eonnection as in Fig. (a) and then 
transfoim the wye eonneetion to a delta eonneetion as in Fig. (b). 
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Z, 


(j8)(-j6) _48_ 
j8 + j8-j6 jlO 


Z2 

Z3 


= Z, = -j4.8 
_ (j8)(j8) _ 

jio 



(2 + Z. )(4 + Z,) + (4 + Z, )(Z3) + (2 + Z, )(Z3) = 

(2 - j4.8)(4 - j4.8) + (4 - j4.8)(j6.4) + (2 - j4.8)(j6.4) = 46.4 + j9.6 


Z.= 

Z,= 

Zc = 


46.4 + j9.6 
j6.4 

46.4 + j9.6 
4-j4.8 
46.4 + j9.6 
2-j4.8 


1.5-j7.25 
3.574 +j6.688 
1.727+ j8.945 


j6||Z, 

-j4||Z, 

jl2||Z, 


(6Z9Q°)(7.583Z61.88°) 
3.574+ jl2.688 


07407+ j3.3716 


(-j4)(1.5-j7.25) 
1.5-jl 1.25 


0.186-j2.602 


(12Z90°)(9.11Z79.07°) 
1.727+ j20.945 


0.5634+ j5.1693 


Zc,=(j6||ZJ||(-j4||Z,+jl2||ZJ 

Z^^ = (0.7407 + j3.3716) || (0.7494 + j2.5673) 

Z^^ = 1.508Z75.42°Q = 0.3796 + il.46 fì 
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Chapter 9, Problem 74. 

edd 

Design an RL circuit to provide a 90" leading phase shift. 


Chapter 9, Solution 74. 

One such RL circuit is shown below. 


20 Q ,, 20 Q 



We now want to show that this circuit will produce a 90° phase shift. 


Z = j2011(20+ j20) = 


(j20)(20 + j20) 
20 + j40 


-20 + j20 
l + j2 


4(l + j3) 


Z 4 + jl2 l + j3 1 

V = + J) 

Z + 20 24 + jl2 6 + j3 3 


V„ = 


j20 


í : \ 


20 + j20^ VI+ j 


(1 + j) = + = 0.3333Z90° 


This shows that the output leads the input by 90°. 
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Chapter 9, Problem 75. 

Design a circuit that will transfoiTn a sinusoidal voltage input to a cosinusoidal voltage 
output. 

Chapter 9, Solution 75. 

Since cos(cot) = sin^cot + 90"^), we need a phase shift circuit that will cause the 
output to lead the input by 90°. This is achieved by the RL circuit shown 
below. as explained in the previous problem . 


e- 


+ 

Vi 


10 n 

■AAA^ 

jlOQ 


10 n 


AAV 


jlOQ 


+ 

v„ 


This can also be obtained by an RC eircuit. 

Chapter 9, Problem 76. 

For the following pairs of signals, determine if v ^ leads or lags v ^ and by how much. 

(a) Vi = 10 cos(5/- 20"), v^^SsinS/ 

(b) V ( = 19 cos(2í - 90"), V 2 = 6 sm2í 

(c) Vi =-4 coslOt, V2=i5sinl0/ 

Chapter 9, Solution 76. 

(a) Vj = 8 sin 5/ = 8 cos(5í — 90") 

vi leads V 2 by 70°. 

(b) Vj = 6sin2í = 6cos(2í-90") 

Vi leads V 2 by 180°. 

(c) V, =-4cosl0í = 4cos(10t + 180") 

V2=15sinl0í = 15cos(10/-90") 
vi leads V 2 by 270°. 
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Chapter 9, Problem 77. 

Refer to the RC eircuit in Fig. 9.81. 

(a) Calculate the phase shift at 2 MHz. 

(b) Find the fiequency where the phase shift is 45. 

5íì 

O - vwv - 

+ + 

y 20 nF y 

o - 


Figure 9.81 

ForProb. 9.77. 

Chapter 9, Solution 77. 

-jx. 


(a) 


“ R-JX, ' 

1 

where X„ = —-: 


1 


coC (2Tt)(2xl0'')(20xl0-’) 
V„ -j3.979 3.979 


3.979 


V, 5-j3.979 3.979' 

V. 3.979 


Z(-90°-^tan-H3.979/5)) 


V, .^25 + 15.83 


Z(-90°-38.51°) 


;^ = 0.6227Z-51.49° 


Therefore, the phase shift is 51.49^ lagging 


(b) e = -45^ = -90^ + tan' (X^ /R) 


45^ = tan-'(XjR) 


00 = 2;if = —— 
RC 

1 


1 


27tRC (2;i)(5)(20x10-') 


R = X = — 
coC 


1.5915 MHz 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou are using it without permission. 
























Chapter 9, Problem 78. 


A coil with impedance 8 + j6 is connected in seríes with a capacitive reactance X. The 
seríes combination is connected in parallel with a resistor R. Given that the equivalent 
impedance of the resulting circuit is 5 Z o Q fmd the value of R and X. 


Chapter 9, Solution 78. 



Z = R//[s + ji6-X)]= -^[8 + A6-X)] 

^ ■■ i? + 8 + j(6-X) 

i.e 8R+j6R-jXR-5R + 40+j30-j5X 

Equating real and imaginaiy paits: 

8 R = 5R + 40 which leads to R= 13.333fì 
6R-XR=30-5Xwhichleads to X= 6ÍÌ. 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher. or used beyond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual coui'se prepaiation. If you are a student using this Manuah 
vou are using it without permission. 




Chapter 9, Problem 79. 


(a) Calculate the phase shift of the circuit in Fig. 9.82. 

(b) State whether the phase shift is leading or lagging (output with respect to input). 

(c) DeteiTnine the magnitude of the output when the input is 120 V. 


20 Q 40 Q 30 Q 



Figure 9.82 

For Prob. 9.79. 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou are using it without permission. 











Chapter 9, Solutíon 79. 

(a) Consider the circuit as shown. 


Z 

Z 



v„ 


(j30)(30 + j60) 

, ^j30 (30 + j60)^ ^~^ .J ^3 + j21 

1 j Mv j j 30 + j90 

(jl0)(43 + j21) 

, = jl 0 (40 + Z,) = = 1.535 + j8.896 = 9.028Z80.21 

2 J MV IJ 43 + j31 


O 


Let V; =1Z0°. 


_ Z^ _ (9.028Z80.21°)(1Z0°) 
“ 'Z^+ÏÔ^' ~ 21.535+ j8.896 

V^ = 0.3875Z57.77° 


Z, 3 + j21 (21.213Z81.87°)(0.3875Z57.77°) 

‘ ” Z, +40^'” 43 + j2r ' ” 47.85Z26.03° 

V, =0.1718Z113.61° 


V„ 

V„ 

V„ 


_!^v_ 

30 + j60 ‘ l + j2 


V,=|(2 + j)V, 


(0.8944Z26.56^)(0.1718Z113.6^) 

0.1536Z140.2^ 


Therefore, the phase shift is 140.2"^ 

(b) The phase shift is leading . 

(c) If =120 V,then 

= (120)(0.1536Z140.2^) = 18.43Z140.2^ V 
and the magnitude is 18.43 V . 
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Chapter 9, Problem 80. 


Consider the phase-shifting circuit in Fig. 9.83. Let V. = 120 V operating at 60 Hz. Find: 

(a) V, when R is maximum 

(b) V ^ when R is minimum 

(e) the value of R that will produee a phase shift of 45 

0 < /? < 100 Q 


Figure 9.83 

ForProb. 9.80. 


o - 


50 Q 



Chapter 9, Solution 80. 

200 mH 
j75.4 


V = 


> jcoL = j(2n)(60)(200xl0-') = j75.4D 
j75.4 


-V. =-^-(120Z0^) 

R + 50 + j75.4 ' R + 50 + j75.4 ^ ^ 


(a) 


When R = 100Q, 

j75.4 (75.4Z90^)(120Z0^) 

V =— - -(120Z0^) = ^-^ 

" 150 + j75.4^ ^ 167.88Z26.69^ 

= 53.89Z63.31^ V 


(b) 


When R = 0 Q, 


j75.4 
50 + j75.4 


(120Z0^) = 


(75.4Z90^)(120Z0^) 

90.47Z56.45^ 


V„ = 1Q0Z33.55^ V 


(c) To produce a phase shift of 45"^, the phase of V„ = 90"" + 0"" - a = 45"^. 

Hence, a = phase of (R + 50 + j75.4) = 45^. 

Foratobe45°, R+50 = 75.4 
Therefore, R = 25.4 Q 
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Chapter 9, Problem 81. 

The ac bridge in Fig. 9.37 is balanced when R ^ = 400 = 600 ^3 =1.2kQ, and 

C 2 =03 ju¥. Find 7?^ and . Assume ^2 series. 


Chapter 9, Solution 81. 


Let 


Zi - Ri, 


Z 2 — R 2 + r 3“, 
' ' JÍ 0 C 2 


^3 


1 


R, 


R. 


R 2 + 


jcûC 


2 ^ 


1 

Zj = R,, and Z = R + . . 

jcoC, 


R, 1200 

R, R, =- 

Rj ' 400 


(600) = 1.8 kfì 


1 1 

ÍRaJ 

r n 


Iri J 



Ri 

-+ c =—c 


R, 


f 400' 

lî^. 


(0.3 X10-'*)= 0.1 uF 


Chapter 9, Problem 82. 

A capacitance bridge balances when = 100 Q, and = 2k Q and C, =40 juF. What 

is C ^ the capacitance of the capacitor under tesf? 


Chapter 9, Solutíon 82. 


Ri 

c = —^c = 

R, “ 


100 

2000 . 


(40x10-'^) = 2 jiF 


Chapter 9, Problem 83. 

Aninductivebridgebalances when /î j = 1 .2k Çl^R^ = 500 Q , and=250mH. What 
is the value of L ^, the inductance of the inductor under tesf? 

Chapter 9, Solution 83. 

R, ÍSOO^ 

= R^^^ =[j^J(250xlO-^)= IMriTmH 
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Chapter 9, Problem 84. 


The ac brídge shown in Fig. 9.84 is known as a Maxweìl bridge and is used for 
accurate measurement of inductance and resistance of a coil in teims of a standard 
capacitance C Show that when the brídge is balanced, 



L. =R,R,C 


FindL^ swìdR^ for/?^ =40kQ,7?2 =1.6kQ,7?3 =4kQ,andC^ =0.45 ju¥. 



0 


Figure 9.84 

Maxwell brídge; For Prob. 9.84. 
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Chapter 9, Solution 84. 


Let 


1 


j®C, 


Zi = 


j®C, 


Z3 =R3,and Z, =R,+jcoL, 


Ri 


^ j®RiC.,+1 
‘ j®c. 


Since Z =—Z,, 


jcoR.C +1 R^Rn 

R,+jcoL, ^R.R^ -* ‘ - =^(l + jcoRA) 


Ri Ri 


Equating the real and imaginaiy components. 


R. = 


R, 


R 2 R 3 

coL, = —::—(coR,C^) impliesthat 


R 


L,=R,R3C, 


Given that R^ = 40 kQ , R^ = 1.6 kQ , R 3 = 4 kQ, and = 0.45 pF 
R 2 R 3 (1.6)(4) 


R. = 


kD=0.16kn= 160 fì 


Rj 40 
Lx = R 2 R 3 CS = (1.6)(4)(0.45) = 2.88 H 
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Chapter 9, Problem 85. 


The ac bridge circuit of Fig. 9.85 is called a Wien bridge. It is used for measuring the 
frequency of a source. Show that when the bridge is balanced, 


1 


/ = 




0 


Figure 9.85 

Wein bridge; For Prob. 9.85. 
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Chapter 9, Solutíon 85. 


Let Zj — Rj, Zj — Rj + T 

R. 


1 


z, = 


^ jroCj 

-JR^ 


Z, = R,, and Z. = R. 


Since 


jcoR^C^+l coR^C^-j 

Z, 


-> ZjZ^ — ZjZj, 


C0R4C4 -j 


í 


R. 


R, 


J 


coC 


2 y 


-jR^RjCcoR^C^+j) jRj 

— K,K-, 


co"R^C^+l 


coC, 


JC 0 C 4 


Equating the real and imaginaiy components, 

RìR4 


- - - ■—R^Rt 

co^R"C5+l " " 


coR^R^C^ 


R, 


co^R^C^+l C 0 C 2 


Dividing ( 1 ) by ( 2 ), 

1 

^ ^ = coR,C, 

coR,C. ' ' 


( 1 ) 


( 2 ) 


CO^ = 


1 


R 2 C 2 R 4 C 4 


co = Iní = 

f = 


1 


1 


2J17R2R4C2C4 
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Chapter 9, Problem 86. 


The circuit shown in Fig. 9.86 is used in a television receiver. What is the total 
impedance of this circuit? 


í I 

î _1 


Figure 9.86 
For Prob. 9.86. 


Chapter 9, Solution 86. 

1 1 1 

Y =-+-+- 

240 j95 -j84 

Y = 4.1667 X10 '' - j0.01053 + jO.Ol 19 

1 1000 1000 

Z = —=-=- 

Y 4.1667 + jl.37 4.3861Z18.2° 

Z = 228Z-18.2° g 
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Chapter 9, Problem 87. 


The netwoik in Fig. 9.87 is part of the sehematie deseribing an indushial eleetronic 
sensing device. What is the total impedance of the circuit at 2 kHz? 



100 n 


Figure 9.87 
For Prob. 9.87. 


Chapter 9, Solution 87. 

1 _ -j _ 

(2n)(2x 10^X2x10'’) 

=50-j39.79 

Zj =80 + jcoL = 80 + j(2n)(2xl0')(10xl0-') 
Z^ =80 + jl25.66 

Z 3 =100 

1_J_ J_ J_ 

Z Z, Zj Z 3 

j__J_ 1 1 

Z ” 100 "^50-^39.79 "^80 + ^125.66 

^ = 10'Jl 0 +12.24 + j9.745 + 3.605 - j5.663) 

Lj 

= (25.85+ j4.082)xl0'' 

= 26.17 xlO'V8.97° 

Z = 38.21Z-8.97° fì 
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Chapter 9, Problem 88. 


A seríes audio circuit is shown in Fig. 9.88. 

(a) What is the impedance of the circuit? 

(b) If the frequency were halved, what would be the impedance of the circuit? 


-7200 j 30 n 120 0 



Figure 9.88 

For Prob. 9.88. 


Chapter 9, Solution 88. 

(a) Z = -j20 + j30 + 120-j20 

Z = 120-ilOQ 

1 1 

(b) If the fi'equency were halved, —— = would cause the capacitive 

coC 27if C 

impedance to double, while coL = 2;if L would cause the inductive 
impedance to halve. Thus, 

Z = -j40 + jl5 + 120-j40 

Z = 120-i65n 
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Chapter 9, Problem 89. 

An industrìal load is modeled as a serìes eombination of a eapaeitanee and a resistanee as 
shown in Fig. 9.89. Caleulate the value of an inductance L across the serìes eombination 
so that the net impedance is resistive at a fiequency of 50 kHz. 



Figure 9.89 

For Prob. 9.89. 
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Chapter 9, Solution 89. 


Zi„ = jcoL I 


jcoL 


R + 


Z-., = 


, R + . 

V jcoC, 


jcoC, 


C 


+ j coL R 


^ • T 1 .( 1 

R + jcoL+ . R + j coL — —_ 
jcoC •’V coC 

L Y (^ 1 

- + jcoLR R-j coL- — 

C A y (ûC 


1 

coC 


R"+ coL- 


To have a resistive impedanee, Im(Z;„) = 0. Hence, 


LV _ J 
c;v"" coc 
ì_ 
coC 


coLR"-|-||coL- —1 = 0 
coR^C =coL —- 


co'R'C' =co"LC-l 


co'R'C" +1 
co^C 

Now we can solve for L. 

L = R^C + l/(co^C) 

= (200^)(50xl0 "^) + 1 /(( 23 ix 50 , 000 )\ 50 x 10 "^) 

= 2x10“^ + 0.2026x10“^ = 2.2fl;< mH 

Checking, convei*ting the series resistor and capacitor into a parallel eombination, gives 
220.3Í2 in parallel with -j69L9íl. The value of the parallel inductance is ojL = 
271x50,000x2.203x10”^ = 692.líl whieh we need to have if we are to eaneel the effeet of 
the capacitance. The answer checks. 
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Chapter 9, Problem 90. 


An industiial coil is modeled as a seríes combination of an inductance L and resistance R, 
as shown in Fig. 9.90. Since an ac voltmeter measures only the magnitude of a sinusoid, 
the following measurements are taken at 60 Hz when the circuit operates in the steady 
state: 

|V,| = 145 V, |Vi| = 50 V, |V„| = 110 V 


Use these measurements to deteimine the values of L and R. 



Figure 9.90 

For Prob. 9.90. 
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Chapter 9, Solutíon 90. 

Let V, =145Z0°, 


I 


X = coL=(2jt)(60)L = 377L 
145Z0° 


80 + R + jX 80 + R + jX 
(80)(145) 


Vi =801 = 

50 = 


80 + R + jX 
(80)(145) 


80 + R + jX 


( 1 ) 


V„ =(R + jX)I = 


(R + jX)(145Z0°) 
80 + R + jX 


(R + jX)(145) 

80 + R + jX 

( 2 ) 


From (1) and (2), 

50 80 

110“|R + jx| 

|R + jXl = (80)(y] 

R‘ +X‘ =30976 

(3) 


From (1), 


I I (80)(145) 

80 + R + jX U ^ = 232 

' ^ ' 50 

6400 + 160R + R'+X' =53824 

160R + R"+X' =47424 


(4) 


Subtracting (3) from (4), 

160R = 16448 -> R = 1Q2.8 fì 

From (3), 

X' =30976-10568 = 20408 
X = 142.86 = 377L -> L = 0.3789 H 
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Chapter 9, Problem 91. 

Figure 9.91 shows a parallel combination of an inductanee and a resistance. If it is 
desired to connect a capacitor in serìes with the parallel combination such that the net 
impedance is resistive at 10 MHz, what is the required value of C? 


c 



Figure 9.91 
ForProb. 9.91. 


Chapter 9, Solution 91. 


Z.. 

z,-. 


1 

- + R II j®L 

jcoC 

_ - j ^ j(oLR 
coC R + jcoL 
-j to^CR-HjmLR" 
”coC R'+co'C 


To have a resistive impedance, Im(Zj„) = 0. 
Hence, 

-1 coLR^ 

^^R^+co^C 
1 coLR^ 

coC”R"+co'L" 

R^ +co^L" 
co'LR" 

where co = 2nf = 2n x 10’ 


9x10^* +(47 i" xlO'^^^CdOOxlQ-'") 
(4n' xl0'‘')(20xl0-'')(9xl0") 


C = 

c = 


9 + 167t" 
7271 ’ 

235 dF 


nF 
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Chapter 9, Problem 92. 

A tiansmissionlinehas aseries impedance ofZ = 100Z75” D. and a shunt admittance 
of Y = 450Z 48” juS. Find: (a) the eharaeteristic impedance = ^Z/Y 
(b) the propagation constant r =-y/ZY . 


Chapter 9, Solution 92. 


(a) 

(b) 


Z = j- = 


100Z75" 

450Z48Aïl0" 


= 471.4Z13.5"Í2 


y = = Vl00Z75"x450Z48" xl 0"'^ = 0.2121Z61.5" 


Chapter 9, Problem 93. 

A power ti'ansmission system is modeled as shown in Fig. 9.92. Given the following; 


Source voltage 
Source impedance 
Line impedance 
Load impedance 

find the load cuiTent 

z^. z. 



V,= 115 Zo”V, 
Z,= 1 +j0.5fì, 

Z,= 0.4+j0.3Q, 

Zj^= 23.2+718.9 Í2, 

Ir 



h 

Zi 


Source Transmission line Load 


Figure 9.92 
ForProb. 9.93. 

Chapter 9, Solution 93. 

Z = Z^ + 2 Z^ + Zj^ 

Z = (1 + 0.8 + 23.2) + j(0.5 + 0.6 + 18.9) 

Z=25 + j20 

V, 115Z0° 

I = — =- 

^ Z 32.02Z38.66° 

II = 3.592Z-38.66° A 
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Chapter 10, Problem 1. 

Determine i in the circuit of Fig. 10.50. 


1 £î 



Figure 10.50 
ForProb. 10.1. 


Chapter 10, Solutìon 1. 

We first determine the input impedance. 


1H 

1F 


j(oL= /1x10 = /10 


1 / 


1 


j(^C j\ox\ 


= -/ 0.1 


4 = 1 + 


í 


1 1 1 


v/lO^-yO.1^1 


= 1.0101-/0.1 = 1.015 <-5.653° 


/= 


2 < 0 ° 


= 1.9704 <5.653° 


1.015 <-5.653° 

</) = 1.9704cos(10f+5.653°) A = 1.9704cosll0t+5.65°ì A 
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Chapter 10, Problem 2. 

Solve for in Fig. 10.51, using nodal analysis. 


20 



Figure 10.51 

ForProb. 10.2. 


Chapter 10, Solution 2. 


Consider the circuit shown below. 

2 



At the main node, 

4-V V V 

-^ = ^ + -> 40 = V(10+7) 

2 -75 74 

40 

V„=-= 3.98 <5.71” A 

10-7 - 
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Chapter 10, Problem 3. 

Determine in the circuit of Fig. 10.52. 


— F 
40 

- ^W\/^ - 1|- 



Figure 10.52 


ForProb. 10.3. 


2H 

-^wr- 


2 cos 4t A 


60 


Chapter 10, Solutìon 3. 

co = 4 

2cos(4t) -> 2Z0° 

16sin(4t) -> 16Z-90° = -jl6 

2 H - > jcoL = j8 


1/12 F -> 

The circuit is shown below. 


1 

jcoC 


1 

j(4)(l/12) 


-j3 



-jl6-V, 

4-j3 


+ 2 = 



Vq 

6 + j8 


-jl6 

4-j3 


+ 2 : 


1 + - 


1 1 

-+• 


4-j3 6 + j8, 


V„ 


3.92-j2.56 4.682Z-33.15 

=- - -=-= 3.835Z - 35.02' 

1.22+j0.04 1.2207Z1.88° 


Therefore, v, (t) = 3.835 cost4t - 35.02°! V 
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Chapter 10, Problem 4. 


Determine in the circuit of Fig. 10.53. 


2 kQ ^ 



ForProb. 10.4. 

Chapter 10, Solution 4. 

0.5H -> j(oL= j0.5x\0^ = j500 

2//F -> Vi n = —r-*-^ = -ySOO 

/jmC /10^x2x10® 

Consider the circuit as shown below. 


50Z0“ V 



Atnode 1, 

50-V; 30Í-V'_ l< 
2000 -y500 “ j500 


But 


50-v; 
2000 


50-^ + y4x30(^^) + y4K-/4^ = 0 


50-l< 
2000 


= 0 


ii(t) 


-> l< = 50 


0 A 
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Chapter 10, Problem 5. 

ps 

Find in the circuit of Fig. 10.54. 


1 Uì 2 



Figure 10.54 
ForProb. 10.5. 
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Chapter 10, Solution 5. 


0.25H -> yiy/.= /).25x4xl0" =/1000 

2//F -> V ^ =--r = -/l25 

/jcoC /4x10^x2x10® 

Consider the circuit as shown below. 


lo 2000 Vo -jl25 



At node Vo, 

Vo-25 , Vq-O , Vo-IOIq _q 
2000 jlOOO -jl25 
Vo-25-j2Vo+jl6Vo-jl60Io=0 
(l + jl4)Vo-jl601o=25 


But I„ = (25-Vo)/2000 


(l + jl4)Vo-j2 + j0.08Vo =25 
25 + j2 _ 25.08Z4.57” 


Vo- 


l + jl4.08 14.115Z58.94” 


-1.7768Z-81.37” 


Now to solve for io, 


25-Vq 25-0.2666+ jl .7567 
2000 ~ 2000 
= 12.398Z4.06” 


12.367+ j0.8784mA 


in = 12.398co5(4xl0^t + 4.06°) mA . 
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Chapter 10, Problem 6. 

DetermineV^ inFig. 10.55. 


20 n 7 IO Q 



Figure 10.55 
ForProb. 10.6. 


Chapter 10, Solution 6. 


Let Vo be the voltage across the current source. Using nodal analysis we get: 

Vq 

20 + jl 0 


V -4V V 20 

° ’' -3 +-2_ = o where = V, 


20 


20 + jl 0 ° 


Combining these we get: 


V 4V V 

- 2 - 3 +- 2 — = o-^(l + j0.5-3)V„ =60 + j30 

20 20 + jl 0 20 + jl 0 


V, = 


60 + j30 ,,v.=^®- = 2MlZ.166:V. 


-2 + j0.5 


-2 + j0.5 
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Chapter 10, Problem 7. 


Use nodal analysis to find V in the circuit of Fig. 10.56. 


120 /-15° 


40 a 

/20 n 

V 


ÍD 

6 ZWA (j 

D = 

= -j30 Q < 




Figure 10.56 
ForProb. 10.7. 


Chapter 10, Solution 7 

At the main node, 

l^OZ-l^"" -V 


V 


40 + j20 

^ 1 


= 6Z30° +-+ — 

-j30 50 


-+ J- + _L 

40 + j20 30 50 


115.91-j31.058 
40 + j20 


■5.196-j3 = 


V= 3.1885 =i24.08Z-154° V 

0.04 + j0.0233 - 
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Chapter 10, Problem 8. 

PSML 

Use nodal analysis to find current in the circuit of Fig. 10.57. Let 

í, = 6 cos(200í +15°) A. 



For Prob. 10.8. 

Chapter 10, Solution 8. 


(0 = 200 , 
lOOmH 
50 |jF - 


-> jcoL = j200x0.1 = j20 
1 1 


jíoC j200x50xl0”^ 

The frequency-domain version of the circuit is shown below. 


= -jioo 


6Z15 



ì2on 
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At node 1, 


V, Vi V 1 -V 2 


or 


6Z15° +O.IV 1 L +- ^— + 

^ 20 -jlOO 40 

5.7955 +jl.5529 = (-0.025 + jO.OljV, -0.025^^ 


At node 2, 


^Ì^ = 0.1Vi+^ 
40 j20 


-+ 0 = 3Vi+(l-j2)V2 


( 1 ) 


( 2 ) 


From (1) and (2), 


'(-0.025+ j0.01) -0.025' 



'^(5.7955 + jl.5529)'' 

3 (l-j2)_ 



V 0 


or AV = B 


Using MATLAB, 

V = inv(A)*B 

leads to V, = -70.63- 7127.23, = -110.3 + 7 I 6 I.O 9 

_Vi-V2 

Thus, 


40 


:7.276Z-82.17° 


io(t) = 7.276cos(200t-82.17°) A 
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Chapter 10, Problem 9. 

PSML 

Use nodal analysis to íïnd in the circuit of Fig. 10.58. 


50 /jtF 



10 cos lO^í V Q 20 I 47,, 30 n I v„ 


Figure 10.58 

ForProb. 10.9. 
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Chapter 10, Solution 9. 


lOcos(lOn) -> 10Z0°, co = 10^ 


10 mH 
50 pF 


jcoL —jlO 
1 1 

> -=-5-^ = - j20 

jcoC j(10')(50xl0'') ■’ 


Consider the circuit shown below. 



At node 1, 

10-V, _V, ^ V.-V, 

20 20 -j20 

10 = (2 + j)V,-jV, (1) 


At node 2, 


V -V 

V, \ 2 


V, Vj V, 

= (4) — +-, where I„ = — has been substituted. 

^20 30 + jl0 ° 20 


-j20 

(.4 + j)V, =(0.6 + j0.8)V, 
0.6 + j0.8 


V, 


■4 + j 


( 2 ) 


Substituting (2) into (1) 


10 = 


(2 + j)(0.6 + j0.8) 


-4 + j 


or 


v,-jv, 

170 

V, =- 

" 0.6-j26.2 


30 

-V, 

30 + jl0 " 


170 


3 + j 0.6-j26.2 


6.154Z70.26° 


Therefore, 


V, (t) = 6.154 cosa0"t + 70.26^ìy 
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Chapter 10, Problem 10. 

PSML 

Use nodal analysis to íïnd 

2/iF 


in the circuit of Fig. 10.59. Let (o = l krad/s. 






36 sin íd/ A 

J) 2kíi < 

lÌTÌ 

'4- 

d 


Figure 10.59 
ForProb. 10.10. 


Chapter 10, Solution 10. 

50 mH -> jíoL = j2000x50xl0"^ = jlOO, © = 2000 

2pF -> — =-î-- = -j250 

j2000x2xl0“^ 

Consider the frequency-domain equivalent circuit below. 

Vi -j250 V 2 



At node 1, 


36 = 2^ + 2^ + ^i ^2 -^ 36 = (0.0005-j0.006)V.-j0.004V2 (1) 

2000 jlOO -j250 


At node 2, 


= 0.1 Vi + -> 0 = (0.1 - j0.004)Vi + (0.00025 + j0.004)V^ (2) 

-j250 4000 2 z V 2 


Solving (1) and (2) gives 

Vo =V2 =-535.6 +j893.5 = 8951.1Z93.43° 


Vo (t) = 8.951 sintlOOQt+93.43"! kV 
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Chapter 10, Problem 11. 

PSML 

Apply nodal analysis to the circuit in Fig. 10.60 and determine I„. 



Figure 10.60 
ForProb. 10.11. 


Chapter 10, Solution 11. 


Consider the circuit as shown below. 


4Z0“ 


lo -j5 D. 
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At node 1, 


Vl-4 

2 


-21 


o 


, V 1 -V 2 

2 


= 0 


Vi -O.5V2 - 2 I 0 =2 


But, lo = (4-V2)/(-j5) = -j0.2V2 + jO.8 
Now the first node equation becomes. 


Vi -0.5V2 + j0.4V2-jl.6 = 2or 
V| +(-0.5+j0.4)V2 = 2+jl.6 


At node 2, 

V2-V1 V2-4 V2-O ^ 

2 -j5 j8 

-0.5V, + (0.5 +j0.075)V2 = j0.8 

Using MATLAB to solve this, we get, 

» Y=[l,(-0.5+0.4i);-0.5,(0.5+0.075i)] 

Y = 


1.0000 -0.5000 + 0.4000Ì 

-0.5000 0.5000 + 0.0750Ì 


»I=[(2+1.6i);0.8i] 
1 = 


2.0000 + 1.6000Ì 
0 + 0.8000Ì 

» V=inv(Y)*I 

V = 

4.8597 + 0.0543Ì 
4.9955 + 0.9050Ì 

lo = -j0.2V2 + jO.8 = -jO.9992 + 0.01086 +j0.8 = 0.01086 -j0.1992 

= 199.5Z86.89° mA . 
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Chapter 10, Problem 12. 

PSML 

By nodal analysis, fmd in the circuit of Fig. 10.61. 


2 ;„ 



Figure 10.61 
ForProb. 10.12. 


Chapter 10, Solution 12. 


20sin(1000t) 
10 mH -> 

50 pF -> 


-> 20Z0° (o = 1000 

jcoL = jlO 

_l _ 1 _ 

jmC “ j (lO^)(50 X lO '") “ 


The frequency-domain equivalent circuit is shown below. 
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At node 1, 


At node 2, 


or 


Vi V^-V^ 


I = — 

“ jio 

2V2 V, V,-v^ 

20 = —- + — + — -^ 

jio 20 10 

400 = 3V, -(2 + j4)V2 

( 1 ) 


2V2 V1-V2 _ V2 V2 

jio 10 “-j20’^jl0 

j2V,=(-3 + j2)V2 

V, =(l + jl.5)V2 

( 2 ) 


where 


Substituting (2) into (1), 

400 = (3 + j4.5) V, - (2 + j4) V, = (1 + jO.5) V, 


V, 


400 
l + jO.5 


I 


o 


V 2 40 
jlO" j(l + j0.5) 


35.74Z-116.6° 


Therefore, i„ (t) = 35.74 sinaQQOt - 116.6°1 A 
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Chapter 10, Problem 13. 

PSML 

Determine in the circuit of Fig. 10.62 using any method of your choice. 


8 0 76 O 

^ww — Tìnn- 


40 /30^ V 



100 ■ 


® 5^A 


Figure 10.62 

ForProb. 10.13. 


Chapter 10, Solution 13. 


Nodal analysis is the best approach to use on this problem. We can make our work easier 
by doing a source transformation on the right hand side of the circuit. 


-.Ì2 18 Q j6 n 



V,-4QZ3Q° ^ V, ^ Vx-5Q _q 
- j2 3 18 + j6 

which leads to Vx = 29.36Z62.88° A . 
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Chapter 10, Problem 14. 

PSML 

Calculate the voltage at nodes 1 and 2 in the circuit of Fig. 

j4 O 


10.63 using nodal analysis. 



Figure 10.63 
ForProb. 10.14. 


Chapter 10, Solution 14. 

At node 1, 


At node 2, 


0-V. 0-V V.-V 




= 20Z30° 


-j2 10 j4 

■(l + j2.5)Vi-j2.5Vj =173.2+ jl00 


V, V, V 

12 '"^ 


" +-^+ =20Z30° 


j4 


■j5.5V2 + j2.5V, = 173.2 +jlOO 


Equations (1) and (2) can be cast into matrix form as 


■l + j2.5 j2.5' 

v 


■-200Z30°^ 

_ j2.5 -j5.5_ 

1 

1_ 


_ 200Z30° _ 


( 1 ) 


( 2 ) 


A = 


l + j2.5 
j2.5 


j2.5 

-j5.5 


= 20-j5.5 = 20.74Z-15.38° 


A, 


-200Z30° j2.5 

200Z30° -j5.5 

l + j2.5 -200Z30' 
j2.5 200Z30° 


= j3(200Z30°) = 600Z120° 

= (200Z30°)(1 + j5) = 1020Z108.7° 


V, =^ = 28.93Z135.38° 
A, 

V, = —= 49.18Z124.08° 
A 
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Chapter 10, Problem 15. 



Solve for the current I in the circuit of Fig. 10.64 using nodal analysis. 


5/0° A 


e 





20 /-90° V 


^ 21 


Figure 10.64 

ForProb. 10.15. 
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Chapter 10, Solution 15. 


Atnode 1, 


At node 2, 


We apply nodal analysis to the circuit shown below. 


5 A 



-j20-V, _ V. ^ V'-V, 
2 -j2 j 

-5-jl0 = (0.5-j0.5)V,+jV2 




( 1 ) 


( 2 ) 



j40 

17 


I = ^ = (O.^Z^O^j^l^.SlZSlS.^^) 

I = 7.9Q6Z43.49° A 
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Chapter 10, Problem 16. 

PSML 

Use nodal analysis to find in the circuit shown in Fig. 10.65. 


2ZQ!A (f 



Figure 10.65 
ForProb. 10.16. 


Chapter 10, Solution 16. 

Consider the circuit as shown in the figure below. 
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At node 1, 


Vi -0 V1-V2 ^ 

-2 + —í- + -^ -^ = 0 

5 j4 

(0.2 - jO.25) Vi + j0.25V2 = 2 


( 1 ) 


At node 2, 


V 9 -V 1 V 9 -O 

-L + ^-3Z45° = 0 


j4 -j3 

j0.25Vi+j0.08333V2 = 2.121 +j2.121 
In matrix form, (1) and (2) beeome 


( 2 ) 


"0.2-j0.25 

jO.25 

’vr 


2 

jO.25 

j0.08333 

_V2_ 


2.121 + j 2.121 


Solving this using MATLAB, we get, 

»Y=[(0.2-0.25i),0.25i;0.25i,0.08333i] 

Y = 

0.2000 - 0.2500Ì 0 + 0.2500Ì 

0 + 0.2500Ì 0 + 0.0833Ì 

»I=[ 2 ;( 2 . 121 + 2 . 121 i)] 

1 = 

2.0000 

2.1210+ 2.1210Ì 
» V=inv(Y)*I 

V = 

5.2793 - 5.4190Ì 
9.6145 -9.1955Ì 


Vs = Vi - V 2 = ^.335 + j3.776 = 5.749Z138.94° V . 
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Chapter 10, Problem 17. 

PSML 

By nodal analysis, obtain current in the circuit of Fig. 10.66. 



Figure 10.66 
ForProb. 10.17. 


Chapter 10, Solution 17. 

Consider the circuit below. 


100Z20^ 
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At node 1, 


100Z20°-V, V, V,-V^ 
j4 “ 3 ^ 2 

100Z20° = ^(3 + jl0)-j2V, 

( 1 ) 

At node 2, 

100Z20°-V2 V,-V^ V^ 

Ì 2 "rj2 

100Z20° = -0.5V, +(1.5 +jO.SjV^ 

( 2 ) 


From (1) and (2), 


1 

0 

O 

(N 

N 

o 

o 

1 __ 


-0.5 

0.5 (3+ j)' 


_100Z20°_ 


_l + jl0/3 

-j2 _ 

-V._ 


A = 


-0.5 1.5 + j0.5 




l + jlO/3 

-j2 1 

100 Z20° 

1.5 + j0.5 

100 Z20° 

-j2 

-0.5 

100 Z20° 

l + jlO/3 

100 Z20° 


= 0.1667-j4.5 


:-55.45-j286.2 


=-26.95-j364.5 


V, =^ = 64.74Z-13.08° 


V, = —= 81.17Z-6.35° 


I„ 


V,-Vj A,-Aj -28.5 + j78.31 


2 2A 0.3333-j9 

I„ = 9.25Z-162.12° A 
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Chapter 10, Problem 18. 

PSML 

Use nodal analysis to obtain in die circuit of Fig. 10.67 below. 


8 0 


4 O ^ 


-^- 

— AAA/^ — nmp — 

^ +1 1 


9 V,|2£ì 2V,<i} Ì 

= -j]n -j 2 n = 

1 Y 



Figure 10.67 
ForProb. 10.18. 


Chapter 10, Solution 18. 

Consider the circuit shown below. 
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At node 1, 


V, V,-V, 

4Z45° = ^+ ' 

2 8 + j6 

200Z45°=(29-j3)V, -(4-j3)V2 

( 1 ) 


At node 2, 


V,-Vj Vj Vj 

— -^+2V =—+- - - 

8 + j6 ^ -j 4 + j5-j2’ 

(104-j3)V, =(12 + j41)V, 

12 + j41 

V =- - —V 

' 104-j3 " 

( 2 ) 


where V„ = V, 


Substitutíng (2) into (1), 

(12 + j41) 

200Z45° = (29 - V, - (4- j3) V, 

200Z45°= (14.21Z89.17°)V2 
200Z45° 

" 14.21Z89.17° 


Ve 

Ve 

Ve 


--V =^j^V 

4 + j5-j2 ^ 4 + j3 ^ 


-6-j8 

25 


V. 


10Z233.13° 200Z45° 

25 ’ 14.21Z89.17° 

5.63Z189‘=’ V 
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Chapter 10, Problem 19. 

PSML 

ObtainV„ inFig. 10.68 using nodal analysis. 


j2íì 



ForProb. 10.19. 
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Chapter 10, Solution 19. 

We have a supernode as shown in the circuit below. 


\2a 



Notice that . 


At the supernode, 


V3-V2 _V2^ Vl , V-V 3 
4 -j4 2 j2 

0-(2-j2)V,-h(H-j)V,-h(-l-(-j2)V3 


At node 3, 


0.2V, -t - 


V-V, V,-V. 


j2 


(0.8-j2)V,-HV,-H(-l-Hj2)V3=0 


( 1 ) 


( 2 ) 


Subtracting (2) frotn (1), 

0 = 1.2V,-rjV, 

But at the supernode, 

V, =12Z0°-i-V 2 
or V 2 =V,-12 

Substituting (4) into (3), 

0 = 1.2V,-Hj(V,-12) 


(3) 

(4) 


12Z90° 

V =- 

° 1.562Z39.8F 

V„ = 7.682Z5Q.19° V 
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Chapter 10, Problem 20. 

Refer to Fig. 10.69. If v, (í) = sin íy? and v„(í) = A sin [(ot + (f) derive the expressions 

for A and (f) 
n 


Figure 10.69 
For Prob. 10.20. 



Chapter 10, Solutìon 20. 

The circuit is converted to its frequency-domain equivalent circuit as shown below. 


R 



jtoC 


Let Z = jcoL II 7 


1 


jcoL 


jcoC . , 1 l-co"LC 

jcoL + — 
jcoC 

jcoL 


V =—^—V =—^—Y _ 


jcoL 


R + Z jcoL 

K + 


l-co"LC 


R(l-co+C) + jcoL 


V. = 


coLV„ 


f 


° {ì-o)^hCÝ +(ù^V 


-Z 


90°-tan- 


coL 


V 


R(l-co^LC), 


If V„ = AZ<t),then 

. coLV„ 

A = 


VR'(l-fi)'LC)' +a)'L' 


and <t) = 90°-tan' 


©L 


R(l-fí)'LC) 
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Chapter 10, Problem 21. 

For each of the circuits in Fig. 10.70, find • for ^ = 0, ^ ^ oo, and - \l LC . 


R L 
o-WW— 'TÍRP- 


V; 


=n V 


(a) 

Figure 10.70 
ForProb. 10.21. 


R C 

o — AAA/^ - ^l- 




(b) 


Chapter 10, Solution 21. 

(a) 


(b) 


Ve. 

V 


ja)C 


R + j (oL + 


> 

s 

II 

o 

Vo 

V. 

As co —> co, 

Vo 

Vj 

1 

At co - ,— , 

Vlc 

Vo 

Vj 

Vo jcoL 



1 l-(o"LC + jcoRC 
jcoC 

1 

1=1 


jRC 


-_1 

R 


Vlc 


-co"LC 


V. „ . , 1 l-co"LC + jcoRC 

' R + jcoL + ^— ■' 

jcoC 


0 




At co = 0, 


Vj 



As co ^ co, 



V 

1 

v„ 

At co - ,— , 

Vlc 

Vj 


1 

T=l 


-1 


jRC 


R 


Vlc 
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Chapter 10, Problem 22. 


For the circuit in Fig. 10.71, determine ^. 


- AAA/^ 




: ^2 


í: V,. 


Figure 10.71 

For Prob. 10.22. 


Chapter 10, Solution 22. 


Consider the circuit in the frequency domain as shown below. 


Ri 


Let 



Z = 


jcoC 


(Rj + jcoL) 


+ jcoL 


_ . _ 1 1 +jcoR^-co^LC 

R,+jcoL + ^— ^ 

' jcoC 


R 2 + jcoL 

V, Z l-co^LC+jcoR^C 

V, “Z + R, ^ R^+jcoL 

‘ l-co^LC +jcoRjC 

_ Rz+JtoL _ 

"Vj, R| + R^—co^LCR, + Jco(L + RjRjC) 
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Chapter 10, Problem 23. 


Using nodal analysis obtain V in the circuit of Fig. 10.72. 


7? 


- WA -r 

3 , 

;d j 


] 



Figure 10.72 
For Prob. 10.23. 


Chapter 10, Solution 23. 


V-V, V 

-^ +- 


R • T 1 
jcdL + 


■ + jcoCV = 0 


jcoC 


V + 2?^^ + j<,RCV = V, 
-co^LC + 1 


^ 1 — co^LC + j coRC + j coRC — j co^RLC^ 
1-co^LC 


v = v. 


V = 


(l-co^LC)Vs 


1 - co^LC + jcoRC(2 - co^LC) 
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Chapter 10, Problem 24. 

Use mesh analysis to find in the circuit of Prob. 10.2. 


Chapter 10, Solution 24. 

Consider the circuit as shown below. 

2ÍÌ 



For mesh 1, 

4 = (2-j5)/, + 75/, (1) 

For mesh 2, 

0 = j51,+ij4-j5)I, -> 1,=^I, (2) 

Substituting (2) into (1), 

4 = i2-j5)-L + j5L -> L =—— 

5 " " " 0.1 + ; 

K= ,-4/^ =^/i_ = 3.98 <5.71" V 
0 . 1+7 - 
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Chapter 10, Problem 25. 

±1 

ML 

Solve for in Fig. 10.73 using mesh analysis. 

4 0 2H 



Figure 10.73 

ForProb. 10.25. 
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Chapter 10, Solution 25. 


10cos(2t) 
6sin(2t) 
2H - 

0.25 F — 


6Z-90° = -j6 
jcoL = j4 

_l_1_ 

^ jcoC “ j(2)(l/4) 


The circuit is shown below. 


10Z0° V 



6Z-90“ V 


For loop 1, 


For loop 2, 


-10+(4-j2)l,+j21, =0 
5 = (2-j)I,+jI, 

( 1 ) 


j2I,+(j4-j2)l2+(-j6) = 0 
I, +1^ =3 


In matrix form (1) and (2) become 

r 2 -j jTi,i [5] 

Li .ii jnsj 


A = 2(l-j), 


A, =5-j3, 


=l-j3 


Io=t-l2 


A,-A2 4 


-^ =-= l + j = 1.414Z45° 

A 2(l-j) •’ 


Therefore, i_ (t) = 1.4142 cost2t + 45°) A 
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Chapter 10, Problem 26. 

Use mesh analysis to find current in the circuit of Fig. 10.74. 


2 kí2 1 /JiF 



Figure 10.74 
ForProb. 10.26. 

Chapter 10, Solution 26. 

0.4H -> jíoL= j\0^ xOA = j400 

^juF -> V ^ = — 2 —- = -j\000 

/ j(oC /10^x10® 


20sinl0®í = 20cos(10®í-90”) -> 20<-90 = -720 

The circuit becomes that shown below. 

2kf2 



-j20 


For loop 1, 

-10+(12000 + 7400)/, -;400/2 =0 -> 1 = (200 + j^O)/, - j^O/^ (1) 

For loop 2, 

-720 + (7400-jlOOO)/^-7400/, = 0 -> -12=40/,+60/^ 

( 2 ) 

In matrix form, (1) and (2) become 


1 


“200+740 

-740“ 


12 


40 

60 

J2_ 


Solving this leads to 

li =0.0025-j0.0075, l2=-0.035+j0.005 
/„ = /,- /2 = 0.0375 - 7 O.OI 25 = 39.5 < -18.43 niA 

/; = 39.5cos(10®/-18.43°) mA 
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Chapter 10, Problem 27. 

±1 

ML 

Using mesh analysis, find I, andl^ in the circuit of Fig. 10.75. 


jion 40 £ì 



For Prob. 10.27. 

Chapter 10, Solution 27. 

For mesh 1, 

-40Z30° + (jl0-j20)I, +j20l2 -0 

4Z30° = -jI,+j2I, (1) 

For mesh 2, 

50Z0° + (40-j20)l2 + j20I, =0 
5 = -j2I,-(4-j2)I, (2) 

From (1) and (2), 


“4Z30°' 


-j J2 

I, 

5 


_-j2 -(4-j2)_ 

-h- 


A = -2-1- 4j = 4.472Z116.56° 

A, =-(4Z30°)(4-j2)-jl0 = 21.01Z211.8° 
Aj =-j5 + 8Z120° = 4.44Z154.27° 

I, =Ỳ = 4.698Z95.24° A 

A, 

U = — = 0.9928Z37.71° A 

A 
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Chapter 10, Problem 28. 

±1 

ML 

In the circuit of Fig. 10.76, determine the mesh currents and . Let = 10cos4t V 
and = 20cos(4t-30"^)^. 


1 a I H 1 H 1 Q 



Figure 10.76 
ForProb. 10.28. 
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Chapter 10, Solution 28. 

IH -> jtoL = j4, IF -> — = —L = -j0.25 

jcoC jlx4 

The frequency-domain version of the circuit is shown below, where 

Vi = 10Z0°, V 2 = 20Z - 30° . 

1 j4 j4 1 



Vi=10Z0°, V2=20Z-30° 

Applying mesh analysis, 


10 = (2 + j3.75)Ii-(l-j0.25)l2 


- 20Z - 30° = -(1 - j0.25)Ii + (2 + j3.75)l2 


From (1) and (2), we obtain 


10 '1 f2 + j3.75 -l + j0.25Yli 

-17.32+ jloJ~[-l + j0.25 2 + j3.75 Jl^l^ 


Solving this leads to 


Hence, 


I, =2.741Z-41.07°, I 2 =4.114Z92° 


iilt) = 2.741cosl4t-41.Q7°)A . iVt) = 4.114cos(4t+92°)A . 
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Chapter 10, Problem 29. 

±1 

ML 

By using mesh analysis, find and in the circuit depicted in Fig. 10.77. 


74 íl 3 Í1 



ForProb. 10.29. 


Chapter 10, Solution 29. 


For mesh 1, 

(5 + j5)I^ - (2 + j)I^ - 30Z20° = 0 
30Z20^=(5 + j5)I,-(2 + j)I, 

(1) 


For mesh 2, 

(5 + j3-j6)I,-(2 + j)I, =0 
0 = -(2 + j)I,+(5-j3)I, 

( 2 ) 


From (1) and 


( 2 ), 

r30Z20°1 r 5 + j5 

L 0 J=L.(2+j) 


-(2 + j)J 

5-j3 J 


r 

I2- 


A = 37 + j6 = 37.48Z9.21° 

A, = (30Z20°)(5.831Z - 30.96°) = 175Z -10.96° 
Aj = (30Z20°)(2.356Z26.56°) = 67.08Z46.56° 


I. 


— = 4.67Z-20.17° A 

A 


h 


A, 

— = 1.79Z37.35° A 

A 
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Chapter 10, Problem 30. 

PSML 

Use mesh analysis to find v„ in the circuit of Fig. 10.78. Let v,, = 120cos(l00í + 90°) V, 


v ,2 = 80 cos lOOí V. 


20 £í 400 mH 200 mH 



ForProb. 10.30. 


Chapter 10, Solutìon 30. 


300mH 
200/77 H 
400/77 H 

SOjuF 


■> 


> jct)L- 

> j(oL= 

> j(oL= 



/100x300x10-' 
/100x200x10 ' 
/100x400x10-' 
1 

/100x50x10 ® 


= j30 
= j20 
= j40 

= -/200 


The circuit becomes that shown below. 


j40 j20 
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For mesh 1, 

-120 < 90"+(20+ 730)7,- 730 / 2=0 -> 7 I 2 O = (20+730)7, - 73 O /2 (1) 

For mesh 2, 

-7307, + (730 + 740 - 7200)72 + 7200/3 = 0 -> 0 = -37, - B/^ + 207^ (2) 

For mesh 3, 

80 + j200l2 +(10-jl80)l3 =0^-8 = j20l2 +(l-jl8)l3 (3) 

We put (1) to (3) in matrix form. 


■2 + j3 -j3 

0 



■jl2' 

-3 

-13 

20 

h 

= 

0 

0 

j20 

l-jl8 

h_ 


-8 


This is an excellent candidate for MATLAB. 

»Z=[(2+3i),-3i,0;-3,-13,20;0,20i,(l-18i)] 

Z = 

2.0000 + 3.0000Ì 0-3.0000Ì 0 

-3.0000 -13.0000 20.0000 

0 0 +20.0000Ì 1.0000 -18.0000Ì 


» V=[12i;0;-8] 
V = 


0+12.0000Ì 

0 

- 8.0000 
»I=inv(Z)*V 
1 = 

2.0557 +3.565 li 
0.4324 +2.1946Ì 
0.5894+ 1.9612Ì 

V„ = -j200(l2 - 13 ) = -j200(-0.157+j0.2334) = 46.68 + j31.4 = 56.26Z33.93" 

V., = 56.26costlQQt + 33.93° V . 
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Chapter 10, Problem 31. 

PSML 

Use mesh analysis to determine current I„ in the circuit of Fig. 10.79 below. 



Figure 10.79 
ForProb. 10.31. 
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Chapter 10, Solution 31. 

Consider the network shown below. 


80 Q I„ ,j60 Q 20 fì 



60Z-30° V 


Forloop 1, 

-100Z120° + (80-j40)Ii+j40l2 =0 

10Z20° = 4(2-j)I,+j41, (1) 

For loop 2, 

j40I,+(j60-j80)I, + j40l3=0 

0=21,-12 + 213 (2) 

For loop 3, 

60Z-30°+(20-j40)l3 +j40l2 =0 

-6Z-30° = j4l2+2(l-j2)l3 (3) 

From (2), 

2I3 =1^-21, 

Substituting this equation into (3), 

-6Z-30° = -2(l-j2)l,+(l + j2)l2 (4) 

From (1) and (4), 


ToZ120°' 


‘ 4(2-j) 

j4 ■ 

I, 

_-6Z-30°_ 


.-2(l-j2) 

l + j2_ 

-h- 


8-j4 -j4 

-2 + j4 l + j2 


32 + j20 = 37.74Z32° 




8-j4 10Z120° 

-2 + j4 -6Z-30° 


-4.928 + j82.11 = 82.25 Z93.44° 


A, 

1=1,= — = 2.179Z61.44° A 

A 
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Chapter 10, Problem 32. 

PSML 

DetermineV^ and in the circuit of Fig. 10.80 using mesh analysis. 


4 /-30' 


ía(Í) 



-jin 


Figure 10.80 
For Prob. 10.32. 


Chapter 10, Solution 32. 

Consider the circuit below. 


.j4n 



For mesh 1, 

(2+j4)I, -2(4Z-30°) + 3V„ =0 
where V,, = 2(4Z-30°-I,) 

Hence, 

(2 + j4)I, -8Z-30°+6(4Z-30°-I,) = 0 
4Z-30° = (l-j)I, 

or I, =2V2Z15° 

3V 3 

Io=—f = :^(2)(4Z-30°-1,) 

I, = j3(4Z-30°-2V2Z15°) 

1, = 8.485Z15” A 

-j2Io 

V_ = = 5.657Z-75° V 

o 3 - 
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Chapter 10, Problem 33. 

PSML 

Compute I in Prob. 10.15 using mesh analysis. 


Chapter 10, Solution 33. 

Consider the circuit shown below. 


5 A 



For mesh 1, 

j20 + (2-j2)I^+j2I, =0 
(l-j)l,+jl,=-jl0 
For the supermesh, 

(j-j2)I,+j2I,+4l3-jI,=0 

Also, 

I3-I,=2I = 2(I,-I,) 

13 = 21 ,- 1 . 

For mesh 4, 

14=5 

Substitutíng (3) and (4) into (2), 

(8 + j2)I,-(-4 + j)l3 = j5 

Putting (1) and (5) in matrix form, 


1-j J 

'l,' 


■-jio' 

.8+j2 4-j. 

-h- 


- j5 _ 


A = -3-j5, A, =-5 + j40, A2=-15 + j85 

A,-A, 10-j45 

I = I. -1. = -2-^ ^ 7.906Z43.49° A 

’ ^ A -3-j5 - 
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( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 





























Chapter 10, Problem 34. 

PSML 

Use mesh analysis to find in Fig. 10.28 (for Example 10.10). 


Chapter 10, Solution 34. 

The circuit is shown below. 



For mesh 1, 

- j40 + (18 + j 2 )I, - (8 - j 2 )I, - (10 + j4)l3 =0 (1) 

For the supermesh, 

(13 - j2)I, + (30 + jl9)I 3 - (18 + j2)I, = 0 (2) 

Also, 

12 = 13-3 (3) 

Adding (1) and (2) and incorporating (3), 

- j40 + 5(l3 -3) + (20 +jl5)l3 =0 

3 + j8 

I 3 = —^ = 1.465 Z38.48^ 

5 +j3 

I, =13 = 1.465Z38.48^A 
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Chapter 10, Problem 35. 

PSML 

Calculate I„ in Fig. 10.30 (for Practice Prob. 10.10) using mesh analysis. 


Chapter 10, Solution 35. 

Consider the circuit shown below. 


4n 


ì2n 



From (4) and (5), 


■ 19-j8 

-(9-j3)' 

h 


’20-j32' 

.-(9-j3) 

13-j . 

.I 3 . 


. j32 . 


10 Q 


-jsn 



-20-^81,-l-(ll-j8)l2-(9-j3)l3 =0 

(1) 

Also, 

I, =l2+j4 

(2) 

For mesh 3, 

(13-j)l3-8I,-(l-j3)I, =0 

(3) 

Substituting 

(2) into (1), 



(19-j8)I,-(9-j3)l3 = 20-j32 

(4) 

Substituting 

(2) into (3), 



-(9-j3)l,-t(13-j)l3=j32 

(5) 


A = 167-j69, A2=324-jl48 

A, 324-jl48 356.2Z-24.55° 

A ” 167-j69 “ 180.69Z-22.45° 

I 2 = 1.971Z-2.1° A 
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Chapter 10, Problem 36. 

PSML 

Coinpute in the circuit of Fig. 10.81 using mesh analysis. 

jAíì 0 




4/90° A (T) 2 Q I \; 

^ 20 f- 20 

— yvw -^- Avw 


^t2Z01^ 


2/0° A 


Figure 10.81 

ForProb. 10.36. 


Chapter 10, Solution 36. 

Consider the circuit below. 


j4 C1 -j3 O 



Clearly, 

For mesh 2, 


Thus, 


I, = 4Z90° = j4 and I 3 = -2 


(4-j3)r-2I, - 2 X 3 + 12 = 0 
(4-j3)l3-j8 + 4+12 = 0 


l2 = 


~X6 +j8 
4-j3 


= -3.52-j0.64 


V„ = 2(1, -1,) = (2)(3.52 + j4.64) = 7.04 + j9.28 
V„ = 11.648Z52.82°V 
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Chapter 10, Problem 37. 

PSML 

Use mesh analysis to find currents , 1 2 ^ 


andlg in the circuit of Fig. 10.82. 


h 



Figure 10.82 

ForProb. 10.37. 
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Chapter 10, Solution 37. 


For mesh x, 

For mesh y, 
For mesh z. 


ZIx -ZI 2 =-jl 20 


Zly -ZI 2 =-120Z30® = 


-ZIx -Zly +3ZI2 =0 


-103.92+ j60 



Z=80-j35Q 


( 1 ) 

( 2 ) 

(3) 


Putting (1) to (3) together leads to the follovving matrix equation: 


''(80-j35) 0 (-80 + j35)^ 



' -jl 20 ^ 

0 (80-j35) (-80 + j35) 

h 

= 

-103.92+ j60 

J-80 + j35) (-80 + j35) (240-jl05)^ 



l 0 


Using MATLAB, we obtain 


I = inv(A) * B = 


- 0.2641-j2.366' 
-2.181-j0.954 
^-0.815-jl.l066^ 


Ij = = -0.2641 - j2.366 = 2.38Z-96.37° A 

h =Iy -Ix =-1-9167 + il.4116 = 2.38Z143.63° A 
I 3 =-ly =2.181+ iO.954 = 2.38Z23.63° A 
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Chapter 10, Problem 38. 

PSML 

Using mesh analysis, obtain in the circuit shown in Fig. 10.83. 


1 íi 



II 

î ^ 

il 

^ 4/QlA 1 


+ ) 10/90° V 


Figure 10.83 

ForProb. 10.38. 
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Chapter 10, Solution 38. 

Consider the circuit below. 


I„ 



Clearly, 

I, =2 

For mesh 2, 

(2- j4)Ij -21, + jdl^ + 10Z90° = 0 

Substitute (1) into (2) to get 

(l-j2)I,+j2I, =2-j5 


( 1 ) 

( 2 ) 


For the supermesh, 

(l + j2)l3-j2I,+(l-j4)I, + j4I,=0 

j4l3+(l + j2)l3+(l-j4)I, = j4 (3) 

At node A, 

I 3 -I 4-4 (4) 

Substituting (4) into (3) gives 

j2I,+(l-j)I, = 2(l + j3) (5) 

From (2) and (5), 


‘l-j2 

j2' 



'2-j5' 

- j2 

1 -j- 

-I4- 


-2 + j6_ 


A = 3-j3, 


A, =9-jll 


-C 


-A, -(9-jll) 1 


A 3-j3 

3.35Z174.3° A 


-(-lO + j) 
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Chapter 10, Problem 39. 

PSML 

in the circuit of Fig. 10.84. 


Find I|, I 2 


1 3 5 and I ^ 


100 



ForProb. 10.39. 


Chapter 10, Solution 39. 

For mesh 1, 


For mesh 2, 
For mesh 3, 


(28- jl5)li - 8 I 2 + jl5l3 = 12Z64° 

( 1 ) 

-8Ii+(8-j9)l2-jl6l3=0 

( 2 ) 

jl5Ii-jl6l2+(10 + j)l3=0 

(3) 


In matrix form, (1) to (3) can be cast as 


^(28-jl5) 

-8 

J15 ^ 

fh] 


^12Z64°' 

-8 

1 

00 

-jl 6 

h 

= 

0 

V jl5 

-jl 6 

(10 +j). 

IhJ 


0 

V J 


Using MATLAB, 

I = inv(A)*B 

II = -0.128+ iO.3593 = 0.3814Z109.6° A 

1 2 = -0.1946+ iO.2841 = 0.3443Z124.4° A 

1 3 =0.0718-i0.1265 = 0.1455Z-60.42° A 

Ix ^Ii -It ^0.0666+ i0.0752 = 0.1005Z48.5° A 
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Chapter 10, Problem 40. 


Find in the circuit shown in Fig. 10.85 using superposition. 



4n 

2D 


- AAA/^ - 

rj — AAA/^ - 




10 cos 4/ V C 

D í 

3 1 H Q 


8 V 


Figure 10.85 

ForProb. 10.40. 
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Chapter 10, Solution 40. 

Let + i ^2 ^ where i^^ is due to the dc source and i^^ source. For 

i< 3 ^, consider the circuit in Fig. (a). 



Clearly, 


io, =8/2 = 4A 


For Ìq 2 , consider the circuit in Fig. (b). 


10Z0‘’V 



If we transform the voltage source, we have the circuit in Fig. (c), where 4II 2 = 4/3 íì. 


2.5Z0° A 



By the current division principle, 

4/3 

Io2 = ./o .. (2.5Z0°) 

4/3 +j4^ ^ 


Therefore, 


Io2 = 0.25 - jO.75 = 0.79Z - 71.56° 
ir ,2 = 0.79cos(4t-71.56°) A 


Ìq = ioi +io 2 = 4 + 0.79 cos(4t - 71.56°ì A 
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Chapter 10, Problem 41. 

Find for the circuit in Fig. 10.86, assuming that v^ = 6 cos 2/ + 4 sin At V. 


0.25 F 



Figure 10.86 
ForProb. 10.41. 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 

written permission of the publisher, or used beyond the limited distribution to teachers and educators 

permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 

vou are using it without permission. 










Chapter 10, Solution 41. 

We apply superposition principle. We let 

Vo = Vl + V2 

where vi and v^ are due to the sources 6cos2t and 4sin4t respectively. To find vi, 
consider the circuit below. -j2 



2D \ Vi 


X r = —^ = 

/j^C j 2)(\/4 


1/ = ^^(6) = 3 +j3 = 4.2426 < 45° 
' 2-72 

Thus, 

=4.2426cos(2í + 45°) 

To get V 2 , consider the circuit below 



2Q \ V 2 


K ^ =-/1 

/j(oC j4x \/4 J 


14 = ^-(4) = 3.2 + /11 .6 = 3.578 < 26.56° 


\/2 =3.578 sin (41 + 26.56° 


Hence, 


. = 4.243cosf2t + 451 + 3.578smf4t + 25.56° 
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Chapter 10, Problem 42. 


Solve for I ^ in the circuit of Fig. 10.87. 


7ioa 


60 0 



20/0° Ví+j 50 Q 


Figure 10.87 

ForProb. 10.42. 


Chapter 10, Solution 42. 

Let 

where l\ and L are due to 20^0^^ and 30<45“ sources respectively. To get Ii, we use the 
circuit below. 


Ii 



Let Zi = -j40//60 = 18.4615 -j27.6927, Z 2 =jl0//50= 1.9231 + j9.615 
Transforming the voltage source to a current source leads to the circuit below. 
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Using current division, 

I, = i-jl) = 0.6217 + ;0.3626 

' Zi+Z/ 


To get I 2 , we use the circuit below. 


I2 


30Z45“ V 


After transforming the voltage source, we obtain the circuit below. 


I2 


Z 2 Z, 


Using current division, 

L = (0.5 < 45") = -0.5275- j0.3077 

" z.+z/ 


Hence, 

/^ = /^ + / 0.0942+ /0.0509 = 0.109 <30^ A 
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Chapter 10, Problem 43. 

Using the superposition principle, find in the circuit of Fig. 10.88. 


5 cos(2r + 10°) A 



10 cos(2í - 60°) V 


Figure 10.88 

ForProb. 10.43. 
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Chapter 10, Solution 43. 

Let = I, + 12 , where I, is due to the voltage source and is due to the current 
source. 

co = 2 

5cos(2t + 10°) -> 5Z10° 

10cos(2t-60°) -> 10Z-60° 

4 H -> jcûL = j8 

1 1 1 

-F -> -=-= -Ì4 

8 jcoC j(2)(l/8) •’ 

For I,, consider the circuit in Fig. (a). 


-j4 Q 3 fì 



10Z-60° V 


(a) 


10Z-60° 10Z-60° 

“3 + j8-j4“ 3 + j4 

For I 2 , consider the circuit in Fig. (b). 

-j4 Q 3 Q 



I2 


-j8 

3 + j8-j4 


(5Z10°) 


-j40Z10° 
3 + j4 


I,+I, 


3 + j4 


(10Z-60°-j40Z10°) 


49.51Z-76.04° 


:9.902Z-129.17° 


Therefore, 


5Z53.13° 

i, = 9.902 cosl2t-129.17°! A 
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Chapter 10, Problem 44. 


Use the superposition principle to obtain in the circuit of Fig. 10.89. Let 
= 50sin2t V and = 12cos(6í +10"^) A. 


20 O 5 H 

AAAA^ - 



Figure 10.89 

ForProb. 10.44. 
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Chapter 10, Solution 44. 

Let Vx = Vj^ + V 2 , where vi and v^ are due to the current source and voltage source 
respectively. 

For vi , co = 6, 5H - > jcoL = j30 

The frequency-domain circuit is shown below. 



Let Z = 16//(20 + j30) = + = 11.8 + j3.497 = 12.31Z16.5° 

36-1-j30 

=I^Z = (12Z10'')(12.31Z16.5'') = 147.7Z26.5'' -> Vi = 147.7cos(6t-h26.5"") V 


For V 2 , co = 2, 5H -> jcoL = jlO 

The frequency-domain circuit is shown below. 



Using voltage division, 

V 2 =- - -y 16(50Z0 ) ^21.41Z-15.52° -> = 21.41sin(2t-15.52°) V 

16 + 20 + jl0 36 + jlO 


= 147.7cos(6t + 26.5°) + 21.41sin(2t-15.52°) V 
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Chapter 10, Problem 45. 

Use superposition to find i[t) in the circuit of Fig. 10.90. 





6cos(10í + 3Û°) V 


-jì n (íj6sin4íV 


300itiH 


Figure 10.90 

ForProb. 10.45. 
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Chapter 10, Solution 45. 


Let /= /| + 4 , where ii and are due to 16cos(10t +30"^) and 6sin4t sources respectively. 
To find ii , consider the circuit below. 


ii 20 n 



X=íyL = 10x300xl0^ =3 


16 <30° 
20 + j3 


= 0.7911 


/; = 0.7911cos(10í+21.47°) A 


To find Ì 2 , consider die circuit below. 


I 2 20 Q 



6Z0°V 


X=ojL= 4 x300)á0^ =1.2 

^ — 6<0° ^ 0.2995 < 176.6° 
" 20 + /I.2 

/; = 0.2995sin(4í + 176.6°) A 


Thus, 

/■= ií + 4 = 0.7911cQS(10f + 21.47°) + 0.2995sin(4f + 176.6°) A 
= 791.1cQs(lQt+21.47°l+299.5sin(4t+176.61 mA 
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Chapter 10, Problem 46 . 

Solvefor v„(í) in the circuit of Fig. 10.91 using the superposition principle. 


6£1 2H 



Figure 10.91 
For Prob. 10.46. 


Chapter 10, Solution 46. 


Let Vq = V, + Vj + Vj , where v,, v^, and Vj are respectively due to the 10-V dc source, 
the ac current source, and the ac voltage source. For v, consider the circuit in Fig. (a). 


60 


2H 



10 V 


The capacitor is open to dc, while the inductor is a short circuit. Hence, 


V, = 10 V 


For Vj, consider the circuit in Fig. (b). 

(û- 2 

2 H - > jcoL = j4 

1 


1 

12 ^ 


1 


jcoC j(2)(l/12) 


= -j6 



j4 0 
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Chapter 10, Problem 47. 

PSML 

Determine in the circuit of Fig. 10.92, using the superposition principle. 



Figure 10.92 
For Prob. 10.47. 
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Chapter 10, Solution 47. 


Let = i^+Ì 2 +Ì 3 , where i^, i^, and i^ are respectively due to the 24-V dc source, the 
ac voltage source, and the ac current source. For i^, consider the circuit in Fig. (a). 


1 Q 1/6 F 



Since the capacitor is an open circuit to dc, 
24 

i^ =-= 4 A 

' 4 + 2 

For i^, consider the circuit in Fig. (b). 

(0 = 1 

2 H -> jcoL = j2 

1 1 

-> 7-7T = -j6 


10Z-30° V 


1 íî -j6 a 



For mesh 1, 


For mesh 2, 


-10Z-30°+(3-j6)I, - 2 I 2 =0 
10Z-30° = 3(l-2j)I, -2Ij 

0=-2I,+(6+j2)l2 

I, + 
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Substituting (2) into (1) 

10Z-30° = 13-jl5l2 
I, =0.504Z19.1° 


Hence, 


i, = 0.504sin(t-^ 19.1°) A 


For ij, consider the circuit in Fig. (c). 


jcoL = jó 

_1_ 1 

j^" j(3)(l/6) 


1 Cì -\2 Q 



2ll(l-j2): 


2(l-j2) 


Using current division, 

2(1-j2) 

^—— ■ (2Z0°) 

3-j2 ^ ^ 2(l-j2) 


4 + j6-i- 


2(l-j2) 13 + j3 


I, =0.3352Z-76.43= 


Hence 


Ì 3 = 0.3352cos(3t - 76.43°) A 


Therefore, 


i„ = 4 + 0.504 sinlt + 19.1°ì + 0.3352 cosGt - 76.43°1 A 
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Chapter 10, Problem 48. 

PSML 

Find 4 in the circuit of Fig. 10.93 using superposition. 


lOlíV 



ForProb. 10.48. 


Chapter 10, Solutíon 48. 

Let Ìq = Ìqi + io 2 + io 3 > where io, is due to the ac voltage source, io^ is due to the dc 
voltage source, and Ìqj is due to the ac current source. For Ìq, , consider the circuit in 
Fig. (a). 

Cû = 2000 

-> 50Z0° 

jcoL = j (2000)(40 X lO^) = j80 

1 1 

-=-^ = -j25 

jcoC j(2000)(20xl0'') ■’ 


50cos(2000t) 
40 mH -> 

20 pF -> 



8011 (60 + 100) = 160/3 

_50_ 30 

160/3+ j80-j25 “ 32 + j33 
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Using current division, 


-801 -1 10Z180° 

" 8Ô+Ï6Ô " " 46Z45.9° 

loi =0.217Z134.1° 

Hence, i = 0.217 cos(2000t +134.1 °) A 

For ^ consider the circuit in Fig. (b). 



24 

Ìno = -= 0.1 A 

""" 80 + 60 + 100 

For i^ 33 , consider the circuit in Fig. (c). 
co = 4000 

2cos(4000t) -> 2Z0^ 

40niH -> jcoL = j(4000)(40xl0') = jl60 



20 |liF 


jcoC j(4000)(20xl0^) 


For mesh 1, 
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( 1 ) 


For mesh 2, 


I. =2 


(80 + jl60-jl2.5)l2-jl60I, -8013=0 


Simplifying and substitutíng (1) into this equation yields 
(8 + jl4.75)l2-8l3 = j32 


For mesh 3, 


24OI3-6OI, - 80 Ij =0 


Simplifying and substituting (1) into this equation yields 


I2 =313-1.5 


Substituting (3) into (2) yields 

(16 + j44.25)l3 =12 + j54.125 
12+j54.125 

I 3 = = 1.1782Z7.38” 

^ 16 + J 44.25 


Hence, 


1^3 =-13 ==-1.1782Z7.38° 


io 3 =-1.1782sin(4000t + 7.38^) A 


Therefore, i^ = 0.1 + Q.217 cos(2000t + 134.1^1 - 1.1782 sin(4000t + 7.38^ì A 


Chapter 10, Problem 49. 
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Using source transformation, find i in the circuit of Fig. 10.94. 


50 


3 n 
vwv^ 


(î) 


8 sin(200r + 30°) A 


Figure 10.94 
ForProb. 10.49. 


5 mH 

1 mF 


Chapter 10, Solutìon 49. 

8sin(200t + 30°) -> SZ30°, (o=200 

5mH -> jcoL = j(200)(5xl0^) = j 

1 1 


ImF 


jcoC j(200)(lxl0^) 


= -j5 


After transforming the current source, the circuit becomes that shown in the figure below. 

5 Q 3 fí I 



j Q 

-jSQ 


I 


40Z30° 


40Z30° 


5 + 3 + j-j5 8-j4 

i= 4.472 sin(2Q0t + 56.56°) A 


= 4.472Z56.56° 


Chapter 10, Problem 50. 
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Use source transformation to find in the circuit of Fig. 10.95. 


20 n 0.4 mH 



Figure 10.95 

For Prob. 10.50. 


Chapter 10, Solution 50. 

PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 

written permission of the publisher, or used beyond the limited distribution to teachers and educators 

permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 

vou are using it without permission. 











5cos(10^t) -> 5Z0°, co = 10^ 


0.4 mH 
0.2 |iF 


jcoL = j(10')(0.4xl0^) = j40 

_1_1_ 

^ jcoC“ j(10')(0.2xl0")“’-^^^ 


After transforming the voltage source, we get the circuit in Fig. (a). 

j40Q 



Let 


Z=20ll-j50 


-jlOO 

2-j5 


and V., = (0.25Z0°) Z = 

2-j5 

With these, the current source is transformed to obtain the circuit in Fig.(b). 


z |40 n 



By voltage chvision, 

V.. = 


80 


V„ =• 


80 


° Z-i-80 + j40 " -jlOO 

2-j5 

Vo = = 3.615Z - 40.6° 


+ 80 + j40 


Therefore, 


36-j42 

v„ = 3.615 cos(10^t-40.6°)V 


-j25 

2-j5 


Chapter 10, Problem 51. 
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Use source transformation to find in the circuit of Prob. 10.42. 

Chapter 10, Solution 51. 

Transforming the voltage sources into current sources, we have the circuit as 
shown below. 



Let 


Let Z, = jl0//50 = -^—-= 1.9231+j9.615 

50 + ;10 

V, =-72Z, =19.231-J3.846 

Z, = -j40//60 = = 18.4615- j27.6923 

60-j40 


y2 = 22.v0.5<45" =16.315-3.263 



Applying KVL to the loop gives 


-y, + /„(z,+z,)+y,=o —> ^»=77^ 


/ 


o 


19.231 - 73.846 -16.316 + 73.263 
1.9231 + j9.615 +18.4615 - j27.6923 


0.1093<30'’ A = 1Q9.3Z30^ mA 


Chapter 10, Problem 52. 
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ps 

Use the method of source transformation to find in the circuit of Fig. 10.96. 



Figure 10.96 

ForProb. 10.52. 


Chapter 10, Solution 52. 

We transform the voltage source to a current source. 


60Z0° 

I. =^r^ = 6-ji2 

2+ j4 

The new circuit is shown in Fig. (a). 


-j2Q 



5Z90° A 


(a) 


Let 


6(2 +j4) 

Z, = 6II (2 + j4) = = 2.4+ jl.8 

V, =I,Z, =(6-jl2)(2.4 + jl.8) = 36-jl8 = 18(2-j) 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual mav be displaved. reproduced or distributed in anv form or bv anv means. without the prior 

written permission of the publisher. or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual course preparation. If vou are a student using this Manual. 

vou are using it without permission. 






















With these, we transform the current source on the left hand side of the circuit to a 
voltage source. We obtain the circuit in Fig. (b). 



Z, =Z,,-j2 = 2.4-j0.2 = 0.2(12-j) 
V, 18(2-j) 

I = — =-- — = 15.517 - j6.207 

“ Z, 0.2(12- •’ 


With these, we transform the voltage source in Fig. (b) to a current source. We obtain the 
circuit in Fig. (c). 



Using current division, 

Zc 2.4-j0.2 

I, =5 + jl.5625= 5.238Z17.35^ A 
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Chapter 10, Problem 53. 

ps 

Use the concept of source transformation to find V ^ in the circuit of Fig. 10.97. 




20/0° V 



-j i n ^ y , 


Figure 10.97 

ForProb. 10.53. 


Chapter 10, Solution 53. 

We transform the voltage source to a current source to obtain the circuit in Fig. (a). 


Let 


-j3 Q \4 fì 



(a) 


Z.-4llj2 = ^ = 0.8 + jl.6 
V, =(5Z0°)Z, =(5)(0.8 + jl.6) = 4 + j8 
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With these, the current source is transformed so that the circuit becomes that shown in 
Fig. (b). 


Zs -j3 Q j4 Q 



(b) 

Let Z, =Z,-j3 = 0.8-jl.4 

V 4 + j8 

I = ^ =-^ = -3.0769 + j4.6154 

Z, 0.8-jl.4 

With these, we transform the voltage source in Fig. (b) to obtain the circuit in Fig. (c). 

j4Q 



(c) 

1.6-j2.8 

Let Z^=2II Z, =0.857l-jO.5714 

Vy =IsZy =(-3.0769 + j4.6154)(0.8571-j0.5714) = j5.7143 

With these, we transform the current source to obtain the circuit in Fig. (d). 
Using current division. 


Zy \4 Q. 
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Chapter 10, Problem 54. 

Rework Prob. 10.7 using source transformation. 


Chapter 10, Solution 54. 


50//(-;30) = = 13.24- j22.059 

50 - 730 

We convert the current source to voltage source and obtain the circuit below. 


13.24-j22.059Q 



134.95-J74.912V 


Applying KVL gives 

-115.91 -tJ31.058 -t (53.24-J2.059)I -134.95 -I-J74.912 = 0 
- 250.86 -t /105.97 


or / = 


53.24-/2.059 


■ =-4.7817-t/1.8055 


But -Vs-t(40-i-J20)I-tV = 0 -> V = Vs-(40-f J20)I 

V = 115.91 - J31.05 - (40 -r J20)(-4.7817 + J1.8055) = 124.06Z-154° V 
which agrees with the result in Prob. 10.7. 
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Chapter 10, Problem 55. 

Find the Thevenin and Norton equivalent circuits at terminals a-b for each of the circuits 

inFig. 10.98. 

j 2 on 10 n 



(b) 

Figure 10.98 

For Prob. 10.55. 


Chapter 10, Solutíon 55. 

(a) To find Z,,,, consider the circuit in Fig. (a). 


.j2o n 10 a 



(a) 


(Ì20)(-il0) 

= z = 10 + j20 II (-jlO) = 10 + •* •* 

N ,h J vj 2 j20-jl0 

= 10- i20 = 22.36Z-63.43° fì 

To find , consider the circuit in Fig. (b). 


j20 fì 10 Í2 
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V,. = 


-jio 


j20-jl0 


— (50Z30°)= -5QZ3Q° V 


- 50Z30° 
22.36Z-63.43° 


= 2.236Z273.4° A 


(b) To find , consider the circuit in Fig. (c). 

-jsa 


sn 


jlQQ 




(c) 


(jl0)(8-j5) 

Z., = Z.. = ilO II (8- i5) = - — = 1QZ26° Q 

^ ^ J ^ jl0 + 8-j5 - 


To obtain , consider the circuit in Fig. (d). 



By current division, 


I 


o 


8 


8 + jl0-j5 


(4Z0°) = 


32 

8 + j5 


V* = jioi 


I 


N “ 



_ j320 _ 
8 +j5 

33.92Z58 

10Z26° 


33.92Z58° V 

O 

-= 3.392Z32^ 


A 
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Chapter 10, Problem 56. 

For each of the circuits in Fig. 10.99, obtain Thevenin and Norton equivalent circuits at 
terminals a-b. 


JA íì 




Figure 10.99 

ForProb. 10.56. 

Chapter 10, Solution 56. 

(a) To find , consider the circuit in Fig. (a). 


j4Q 



(j4)(-j2) 

Z^=Z,, =6 + j4ll (-j2) = 6 + 44-^ = 6-j4 


j4-j2 


= 7.211Z-33.69°fì 


By placing short circuit at terminals a-b, we obtain, 

In = 2Z0"A 

=Z^,I^, = (7.21 IZ-33.69^)(2Z0^)= 14.422Z-33.69^ V 
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(b) 


To find , consider the circuit in Fig. (b). 


jion 



=-j5ll(20 + jl0) = 


(-j5)(20 + jl0) 


20 + j5 


= 5.423Z-77.47° Q 


To find and I^, > we transform the voltage source and combine the 30 Q 
and 60 resistors. The result is shown in Fig. (c). 


jion 



20 2 

In =-(4Z45°) = -(2-j)(4Z45°) 

20 + jl0 ^ 5 

= 3.578Z18.43° A 

=Z,,Ij, =(5.423Z-77.47°) (3.578Z18.43°) 

= 19.4Z-59° V 
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Chapter 10, Problem 57. 


Find the Thevenin and Norton equivalent circuits for the circuit shown in Fig. 10.100. 


5 0 -. 710 ^^ 


2 Q 



-o 


Figure 10.100 
ForProb. 10.57. 
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Chapter 10, Solution 57. 


To find , consider the circuit in Fig. (a). 


5 Q -jlOfì 2 Í2 



(i20)(5-jl0) 

=2 + j20ll(5-jl0) = 2+ ^-* 

= 18-jl2= 21.63Z-33.7° Q 

To find V,^, consider the circuit in Fig. (b). 


sn -jion 2 0 



= 107.3Z146.56^ V 


V,, 1Q7.3Z146.56° 

“ 21.633Z-33.7° 


4.961Z-179.7^ A 
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Chapter 10, Problem 58. 

For the circuit depicted in Fig. 10.101, find the Thevenin equivalent circuit at terminals 
a-b. 


5/45^ A 


b ì 


- o 

HjlOn 


- 0 


Figure 10.101 

ForProb. 10.58. 


Chapter 10, Solution 58. 

Consider the circuit in Fig. (a) to find . 



= 11.18Z26.56^a 


Consider the circuit in Fig. (b) to find . 



Vn^jlOIe 


(jl0)(4-j3)(5Z45°) 
(2)(2 + j) 


55.9Z71.56° V 
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Chapter 10, Problem 59. 


Calculate the output impedance of the circuit shown in Fig. 10.102. 





-- vwv - 

+ V, - 


ì j40 n 


Figure 10.102 

ForProb. 10.59. 


Chapter 10, Solution 59. 


Insert a 1-A current source at the output as shown below. 


-j2 Q 10 Q 



A 


0 . 2 \/ +1 = ^ 
" j40 

But v^=-X-j2) = j2 

y2x0.2 + 1 = -^ — 

j40 


l/;=-16 + /40 


Vin = V| -V„+ 10 = -6+j38= IxZin 


Zin = —6 + i38 íì . 
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Chapter 10, Problem 60. 

ps 

Find the Thevenin equivalent of the circuit in Fig. 10.103 as seen from: 
(a) terminals a-b (b) terminals c-d 

c d 



For Prob. 10.60. 

Chapter 10, Solution 60. 

(a) To find , consider the circuit in Fig. (a). 


10 Q -j4 Q 



Z* =4ll(-j4 + 10llj5) = 4ll(-j4 + 2 + j4) 
=4112= 1.333 Q 

To find V,|,, consider the crrcuit in Fig. (b). 
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At node 1, 

20-V, _V. V.-V, 

10 j5 -j4 
(l + j0.5)V,-j2.5V, = 20 


At node 2, 


4 + 


V.-V2 

-j4 


4 


V, =(l-j)V,+jl6 


Substituting (2) into (1) leads to 
28-jl6 = (1.5-j3)V2 
28-jl6 

V, = . . =8 + j5.333 


1.5-j3 


Therefore, 


V,, = Vj = 9.615Z33.69° V 


( 1 ) 


( 2 ) 


(b) To find Z„,, consider the circuit in Fig. (c). 



(c) 

Z„ =-j4ll(4 + 10llj5) = -j4ll 4 + ^ 

Z., =-j4ll(6 + j4) = 2^(6+j4)= 2.667-i4Q 

To find V,,. ,we will make use of the result in part (a). 
Vj =8 + j5.333 = (8/3)(3 + j2) 

V, =(l-j)V,+jl6 = jl6 + (8/3)(5-j) 


V„ = V, - Vj = 16/3 + j8 = 9.614Z56.31” V 
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Chapter 10, Problem 61. 

PSML 

Find the Thevenin equivalent at terminals a-b of the circuit in Fig. 10.104. 


4D 




n - vwv - 

2Z0!A ( 

D = 



'--i. 


-o b 


Figure 10.104 

ForProb. 10.61. 
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Chapter 10, Solution 61. 

To find Vxh, consider the circuit below 


Vo 4Q 



2+1.51, =1, -► Ix = -4 

But Vo = -j3Ix = jl2 

V^ = K+6l, = P2-24y 

To find Zjh, consider the circuit shown below. 


4Q Vo 



1+1.5 Ix=Ix c) I,= -2 

-1/, + 4(4-73) = 0 -> K=-8 + j6 

Z^=^ = -8 + j6a 
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Chapter 10, Problem 62. 

ps 

Using Thevenin’s theorem, find in the circuit of Fig. 10.105. 


3í„ 



For Prob. 10.62. 
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Chapter 10, Solution 62. 

First, we transform the circuit to the frequency domain. 


12cos(t) 


12Z0°, (0=1 


2 H - > jcoL = j2 

1 1 

8 ^ ^ jcoC “ 

To find , consider the circuit in Fig. (a). 



At node 1, 


V, V, 


where 


V, _2V, _1-V, 
-j4 4 j2 

V„ =0.4 + j0.8 


At node 2, 


1 1-V, 

j2 

I, =(0.75 + j0.5)V,-j; 

< 

I, =-0.1 + j0.425 


= — = -0.5246 - j2.229 = 2.29Z -103.24^ Q 
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To find Vjh, consider the circuit in Fig. (b). 



(b) 


At node 1, 


12-V, V, V,-V^ 

'■ = 31 + —+ - ' " 


4 ^ “ -j4 j2 ’ 

24 = (2 + j)V,-j2V, 


where 


( 1 ) 


At node 2, 


v,-v, 


+ 31 =• 


j2 “ -j8 

72 = (6 + j4)V,-j3V, 


From (1) and (2), 
24 


( 2 ) 


2 + j -j2 


L72j L6 + j4 -jSjLvJ 


12-V, 


A —5 + j6, 


A,=-j24 


Thus, 


V„ = V, = — = 3.073Z - 219.8° 


V = 


2+Z„ 


-v.„ = 


(2)(3.073Z-219.8°) 
1.4754-j2.229 


Therefore, 


6.146Z-219.8° 

V =-= 2.3Z-163.3° 

° 2.673Z-56.5° 

v„ = 2.3 coslt - 163.3°ì V 
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Chapter 10, Problem 63. 

ps 

Obtain the Norton equivalent of the circuit depicted in Fig. 10.106 at terminals a-b. 


5 /xF 


4 cos(200/ + 30‘ 



a 


b 


Figure 10.106 

ForProb. 10.63. 
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Chapter 10, Solution 63. 

Transform the circuit to the frequency domain. 

4cos(200t + 30°) -> 4Z30°, co = 200 

10 H -> jcoL = j(200)(10) = j2kí2 

1 1 

5 tiF - > -=-^ = - j kí2 

^ jcoC j(200)(5xl0‘') 

Zj, is found using the circuit in Fig. (a). 


-j híì 



(a) 

Zn = -j + 2II j2 = -j +1 + j = 1 kf2 


We find using the circuit in Fig. (b). 


-Ì 



(b) 

j2ll2 = l + j 


By the current division principle, 

l + J 


In = 


1 + j-j 


t(4Z30°) = 5.657Z75" 


Therefore, 

ij, = 5.657 cosl20Qt + 75°) A 
Zj, = 1 kfì 

PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
vou are using it without permission. 



Chapter 10, Problem 64. 

ps 

For the circuit shown in Fig. 10.107, find the Norton equivalent circuit at terminals a-b. 



Figure 10.107 

ForProb. 10.64. 
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Chapter 10, Solution 64. 

is obtained from the circuit in Fig. (a). 



=20 + j40= 44.72Z63.43° Q 
To find If,, consider the circuit in Fig. (b). 


3Z60° aTI 


(b) 

I, = 3Z60° 



For mesh 1, 

1001, -601, =0 

I, =1.8Z60° 

For mesh 2, 

(j80-j30)I,-j80I, =0 
I 2 = 4.8Z60° 


In = I2-Ii = 3Z60° 
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Chapter 10, Problem 65. 

Compute inFig. 10.108 using Norton’s theorem. 



F 


Figure 10.108 

ForProb. 10.65. 


Chapter 10, Solution 65. 


5 cos(2t) — 

5Z0°, co=2 

4H -> 

jcoL = j(2)(4) = j8 

1 

1 1 

jcoC “ j(2)(l/4) “ 

1 

1 1 

jcoC “ j(2)(l/2) “ 

, consider the circuit in Fig. (a). 


2Q 


1-WV-n 


-J 


-j2n 



(a) 


Z 


N 


-jll (2-j2) 


-j(2-j2) 

2-j3 


13 


(2-jlO) 
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To find , consider the circuit in Fig. (b). 



In 


5Z0° 

-j 


J5 


The Norton equivalent of the circuit is shown in Fig. (c). 



(c) 


Using current division, 

J ^ _ (l/13)(2-jl0)(j5) _ 50 + jlQ 

^ Z^+j8 ^ (l/13)(2-jl0) + j8 2+j94 

=0.1176-j0.5294 = 0542Z-77.47^ 


Therefore, i^ = 542 cos(2t - 77.47"^) mA 
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Chapter 10, Problem 66. 

ps 

At terminals a-b, obtain Thevenin and Norton equivalent circuits for the network 
depicted in Fig. 10.109. Take co=ì{) rad/s. 


10 niF 12 cos ojî V 



Figure 10.109 

For Prob. 10.66. 


Chapter 10, Solutíon 66. 


co = 10 
0.5 H 

10 mF 


> jcoL = j(10)(0.5) = j5 

_1 _ 1 _ 

jcoC“ j(10)(10xl0^)“’j^^ 


To find , consider the circuit in Fig. (a). 



(a) 


1 + 2V„ 



V. 

lo-jio’ 


1 + 


19V, 

lO-jlO 



-lO + jlO 
21 + j2 


where V^ 


lOV, 

lO-jlO 


V, 14.142Z135° 
1 “ 21.095Z5.44° 


0.67Z129.56° fì 
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To find and , consider the circuit in Fig. (b). 



(10 - jio + j5) I - (10)(-j2) + j5 (2 VJ - 12 = 0 
where V„ = (10)(-j2-I) 


Thus, 

(10-jl05)I = -188-j20 
188 +j20 
“ -10 + jl05 


V* = j5 (I + 2 Vo) = j5 (-191 - j40) = -j951 + 200 
-j95(188 + j20) 


Vth=- 


-10 + jl05 


+ 200 = 29.73 +jl.8723 


V„ = 29.79Z3.6° V 




Vth _ 29.79Z3.6° 


Zth 0.67Z129.56° 


44.46Z-125.96° A 
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Chapter 10, Problem 67. 

PSML 

Find the Thevenin and Norton equivalent circuits at terminals a-b in the circuit of Fig. 

10.110. 



Figure 10.110 

ForProb. 10.67. 


Chapter 10, Solution 67. 

Zn =ZTh =10//(13-j5) + 12//(8 + j6) = ^^^^í^^^ + ^^^^^^ = l 1.243+ jí.079Q 

23 - j5 20 + j6 - 

Va = —^(60Z45°) = 13.78+ j21.44, Vb = ^^ '^ (60Z45°) = 12.069 + j26.08fì 

23 - j5 20 + j6 


Vxh = Va - Vb = 1.71 l-j4.64 = 4.945Z-69.76° V, 


In = 


Zxh 


4.945Z-69.76° 
11.295Z5.48° 


0.4378Z-75.24° A 
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Chapter 10, Problem 68. 


PSML 

Find the Thevenin equivalent at terminals a-b in the circuit of Fig. 10.111. 


b 4 Í1 



Figure 10.111 

ForProb. 10.68. 


Chapter 10, Solution 68. 


IH 

— F 
20 


jtoL = jlOxl = jlO 

1 1 


jlOx — 
20 

We obtain Vxh using the circuit below. 


-j2 


lo 4ÍÎ 



jl0//(-j2) = = -j2.5 

jl0-j2 

Vo=4IoX(-j2.5) = -jlOIo 

-6 + 41o+^Vo =0 


( 1 ) 

( 2 ) 
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Combining (1) and (2) gives 


Io = 


-j60 


= 11.52Z-50.19° 


-^-. Vjh = Vo = -jlOlo = 

4-jl0/3 in o j o 4 _jio /3 

VTh =11.52sin(10t-50.19°) 

To find Rxh, we insert a 1-A source at terminals a-b, as shown below. 


L 4Q 



RO" 


4Io+-Vo=0 


■+ lo - “ 


12 


V V 

- + - 


-j2 jlO 

Combining the two equations leads to 

Vo =- - -= 1.2293 - jl .4766 

0.333-l-jO.4 


V 

Zxh = — = 1.2293 - 1.477n 


1 
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Chapter 10, Problem 69. 

For the differentiator shown in Fig. 10.112, obtain V ^ ^. Find (/) when v ^ (t) = V 

sin cot and co = Ì/RC. 


R 



Figure 10.112 
ForProb. 10.69. 


Chapter 10, Solution 69. 


This is an inverting op amp so that 
V, -Z, -R 


When V, = and co = 1/RC, 

Vo =-j-:^RCV,„ =-jV„ =V^Z-90° 

Therefore, 

(t) = V^ sin(cot - 90°) = - Vm cos(cìot) 
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Chapter 10, Problem 70. 


The circuit in Fig. 10.113 is an integrator with a feedback resistor. Calculate (r) if 
v, =2^0^4x10“? V. 


I00k£2 



Figure 10.113 
For Prob. 10.70. 


Chapter 10, Solution 70. 

This may also be regarded as an inverting amplifier. 
2cos(4xl0"t) -> 2Z0°, (0=4x10^ 

1 1 

10 nF - > -=-T-r- = -j2.5kD 

jcoC JC^xlO'jClOxlO-^) ■’ 


V. z. 


V. z, 

-jlOO 

where Z. = 50 kn and Z, = 100k II (-j2.5k) = — -kQ. 

Thus, ^2. = . 


Vs 40-j 


If V, =2Z0°, 


Vo = 


j4 


4Z90° 


40-j 40.01Z-1.43° 


= 0.1Z91.43° 


Therefore, 


v„ (t) = 0.1 cos(4xl0^t + 91.43°) V 
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Chapter 10, Problem 71. 

Find in the op amp circuit of Fig. 10.114. 



Figure 10.114 

ForProb. 10.71. 


Chapter 10, Solution 71. 

8 cos(2t + 30° ) -> 8Z30° 

0.5|aF -> — =-i-- = -jlMD 

j®C j2x0.5xl0“^ 

At the inverting terminal, 

Vo - 8Z30° Vo - 8Z30° _ 8Z30° 

-jl000k ÏÔk 2k 

Vo (1 - jlOO) = 8Z30 + 800Z - 60° + 4000 Z - 60° 

,, 6.928 + j4 + 2400-j4157 4800Z-59.9° 

Vo =- - - - -=-= 48 

1-jlOO lOOZ-89.43° 

Vo(t) = 48cos(2t + 29.53°) V 
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Chapter 10, Problem 72. 

Compute i^(t) intheop amp cÌTCuit in Fig. 10.115 if v, =4coslO"'íV. 



Figure 10.115 
For Prob. 10.72. 


Chapter 10, Solution 72. 

4cos(10‘'t) — 


luF 


4Z0°, co = 10'' 

1 1 


jcûC j(10^)(10-’) 
Consider the circuit as shown below. 


= -jlOO kí2 




At the noninverting node, 
4-V V 


o o 


50 -jlOO 


V = 



1 « 

100 ka 


l + jO.5 


1 


100k (100)(l + j0.5) 


mA = 35.78Z-26.56° pA 


Therefore, 


i„(t) = 35.78 cosdO^ t - 26.56°) uA 
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Chapter 10, Problem 73. 


If the input impedance is defined as Z =V ^ /I ^ find the input impedance of the op amp 
circuit in Fig. 10.116 when =10kQ,7?2 =20kQ,C^ =10nF, and = 5000rad/s. 





Figure 10.116 

ForProb. 10.73. 


Chapter 10, Solution 73. 

As a voltage follower, = V^ 


= 10 nF 

= 20 nF 


> -=-1-^ = -j20 kQ 

jcoC, j(5xl0')(10xl0^) 

1 1 

^-^ = -jiokn 

jcoC^ j(5xl0')(20xl0^) 
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Consider the circuit in the frequency domain as shown below. 


-j20 kí2 


10kí2 


20 ka 




-jl0kf2 


At node 1, 


y _y y _y y _y 

10 -j20 20 

2V, = (3 + j)V,-(l + j)V, 


At node 2, 

V.-Vq _Vo-0 
20 -jlO 
V,=(l + j2)V„ 

Substituting (2) into (1) gives 


2V=j6V„ or V„=-j-V, 


V=(l + j2)V.=[|-jiJv. 


V,-Vl (l/3)(l + j) ^, 


Z.„-^-^- 15 (l-j)k 

Is 1 + J 

Z „ = 21.21Z^5° kfì 
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Chapter 10, Problem 74. 


Evaluate the voltage gain A,, in the op amp circuit of Fig. 10.117. FindA^ at 

co = 0,co ^ 'xj,(o = l//îjC,, and co = l /. 


«2 ^2 



Figure 10.117 
For Prob. 10.74. 


Chapter 10, Solution 74. 


Zf — + . _ 

JC0C2 


A„=^ = --^f 


R 9 + - 


1 


jcoC^ 


Vs Z, 


Rl + 


1 

jcoCj 



l + jcoR^C^" 

[ciì 

V 1 +jcoRiCi ^ 


At (0 = 0, 


A,, =- 


C, 


As (0 ^ 00 , 


R, 


At (0 = 


At (û- 


1 




R.C, ’ 

1 

R 2 C 2 


=- 


l + jR,C,/R,C, 


A„ =- 


lcj 

1+j J 

^C,^ 

í ì 


^^1 +JRjC, /R^CjJ 
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Chapter 10, Problem 75. 

PSML 

In the op amp circuit of Fig. 10.118, find the closed-loop gain and phase shift of the 
output voltage with respect to the input voltage if = 1 nF, = 100 kD, 


= 20 kQ 


R, =40 kQ, and û) = 2000 rad/s. 





Figure 10.118 

ForProb. 10.75. 
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Chapter 10, Solution 75. 


co=2xl0^ 

Cj = Cj = 1 nF 


1 

jcoCi 


_1_ 

j (2x10^X1x10'^) 


-j500kD 


Consider the circuit shown below. 


100 ka 



LetVs= lOV. 

At node 1, 

[(V,-10)/(-j500k)] + [(V,-Vo)/10'] + [(V,-V2)/(-j500k)] = 0 
or (l+j0.4)V, -j 0 . 2 V 2 -V„ =j2 

At node 2, 

[(V2-V,)/(-j5)] + (V 2 -O) = 0 

or -j 0 . 2 Vi + (l+j 0 . 2 )V 2 = 0 or V, = (l-j 5 )V 2 


But 


V2 = 


R3 

R 3 +R 4 


3 


From (2) and (3), 

V, =(0.3333-j 1.6667) V„ 


( 1 ) 

( 2 ) 

(3) 

(4) 
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Substituting (3) and (4) into (1), 


(l+j0.4)(0.3333-jl.6667)V„ -j0.06667Vo - Vo = j2 
(1.077Z21.8°)(1.6997Z-78.69°) = 1.8306Z-56.89° = 1 - jl.5334 
Thus, 

(1-j 1.5334) Vo - j0.06667Vo - Vo = j2 

and, Vo = j2/(-j 1.6601) = -1.2499 = 1.2499Z180° V 


Since Vs = 10, 


V„/Vs = 0.12499Z180° . 


Checking with MATLAB. 


» Y=[ l+0.4i,-0.2i,-1; 1,-1 +5i,0;0,-3,1 ] 


Y = 

1.0000+ 0.4000Ì 0 - 0.2000Ì -1.0000 

1.0000 -1.0000 +5.OOOOi 0 

0 -3.0000 1.0000 


»I=[2i;0;0] 
1 = 


0 + 2.0000Ì 

0 

0 


» V=inv(Y)*I 
V = 

-0.4167+ 2.0833Ì 
-0.4167 

-1.2500 + O.OOOOi (this last term is Vo) 
and, the answer checks. 
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Chapter 10, Problem 76. 


PSML 


Determine and I„ in the op amp circuit of Fig. 10.119. 


-j4 kí2 


20 kO 

-^vvvv- 


10kí2 

-AAAA^ 


2 /30° V 


© 


-72 kQ = = 


Figure 10.119 

ForProb. 10.76. 
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Chapter 10, Solution 76. 


Let the voltage between the -jkQ capacitor and the 10kQ resistor be Vi. 


2Z30°-Vi Vi-Vo ^ Vl-Vo 
-j4k 10k 20k 

2Z30° =(l-j0.6)Vi +j0.6Vo 
= 1.7321+jl 


Also, 

Vi -V V 

•1 ''o _ •o 

10 k ~-j2k 


Vi =(l + j5)Vo 


( 1 ) 


( 2 ) 


Solving (2) into (1) yields 

2Z30° = (1 - j0.6)(l + j5)Vo + j0.6Vo = (1 + 3 - jO.6 + j5 + j6)V„ 

= (4+j5)Vo 

2Z30° 

Vo =-= 0.3124Z-21.34° V 

6.403Z51.34° - 


» Y=[l-0.6i,0.6i;l,-l-0.5i] 

Y = 

1.0000-0.6000Ì 0 + 0.6000Ì 

1.0000 -1.0000-5.OOOOi 

»l=[1.7321+li;0] 

1 = 

1.7321 + l.OOOOi 
0 

» V=inv(Y)*I 

V = 

0.8593 + 1.3410Ì 

0.2909 - 0.1137i = Vo = 0.3123Z-21.35°V. Answer checks. 
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Chapter 10, Problem 77. 

PSML 

Compute the closed-loop gain V „ , for the op amp circuit of Fig. 10.120. 



Figure 10.120 

For Prob. 10.77. 
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Chapter 10, Solution 77. 


Consider the circuit below. 


At node 1, 


V, -V, 


1 Vi 

Ci 


= jcoCV, 


V,=(l + jcoR,C,)V, 


Cz < Rî 


At node 2, 


0-Vi_ Vi-Vc 

R3 R2 


+ jcoC 2 (V,-VJ 


V,=(V,-V0 ^ + jcoC^R^ 

VRo 


V = 1 +-V 

^ (R,/R,) + joyC,Rj ^ 


From (1) and (2), 


l + jcoR|C|V R^+jcoC^R^R^ 


Vq _ R; +R3 + jtoC^R^R^ 

V, (l + j(oR,C,)(R 3 +jcoCjRjRj) 
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Chapter 10, Problem 78. 


PSML 


Determine (/) in the op amp circuit in Fig. 10.121 below. 


20 kD 



Figure 10.121 

ForProb. 10.78. 
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Chapter 10, Problem 79. 

For the op amp circuit in Fig. 10.122, obtain v^(/). 


20 kO 



Figure 10.122 
ForProb. 10.79. 
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4cos(l000î-60°)V. 


Chapter 10, Problem 80. 

PSML 

Obtain v„(î) for the op amp circuit in Fig. 10.123 if v, 


50 kn 



Figure 10.123 
For Prob. 10.80. 


Chapter 10, Solutìon 80. 

4cos(1000t-60°) 
0.1 pF - 


1 


4Z-60°, co=1000 
1 


-jlO kO 


0.2 pF 


jcoC j^lOOOXO.lxlO”) 

1 1 

— =-^ = - j5 kn 

jcoC j(1000)(0.2xl0-‘') •' 


The two stages are inverters so that 

r 20 20 ^ 


lii 

10 


= ^-(j2)-(4Z-60°) + ^-^V, 

a + J/5)V„ =4Z-60° 

4Z-60° 

V =-—— = 3.922Z-71.31° 
l + j/5 

Therefore, v„ (t) = 3.922 cosllOQQt-71.31°) V 
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Chapter 10, Problem 81. 

ps 

Use PSpice to determine in the circuit of Fig. 10.124. Assume ú) = \ rad/s. 


-P 25 Q 



Figure 10.124 
ForProb. 10.81. 
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Chapter 10, Solution 81. 


We need to get the capacitance and inductance corresponding to -j2 fl and j4 Q. 

-j2 -> c = ——= 0.5F 

íyX, 1x2 


74 


L = ^ = 4H 
co 


The schematic is shown below. 



When the circuit is simulated, we obtain the following from the output file. 


FREQ VM(5) VP(5) 

1.592E-01 1.127E-r01 -1.281E-t02 


From this, we obtain 


Vn = 11.27Z128.r V . 
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Chapter 10, Problem 82. 

Solve Prob. 10.19 using PSpice. 


Chapter 10, Solution 82. 

The schematic is shown below. We insert PRINT to print Vo in the output file. For AC 
Sweep, we set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. After 
simulation, we print out the output file which includes: 


FREQ VM($N_0001) VP($N_0001) 

1.592 E-01 7.684 E+00 5.019 E-h01 

which means that Vo = 7.684Z50.19" Y 


AC=yes 
MAG=yes 
PHASE=ye^ 

A 


L1 


2 




VlZ 

ACPHASE=0 

ACMAG=12V 


R2 0.25- 

- C1 



GAIN=0.2 
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Chapter 10, Problem 83. 

Ust PSpice io fìnà v^{t) in the circuit of Fig. 10.125. Let = ^cos^lOgt^A. 


20 



ForProb. 10.83. 


Chapter 10, Solution 83. 

The schematic is shown below. The frequency is f = (o/27i = = 159.15 

2n 



When the circuit is saved and simulated, we obtain from the output file 

FREQ VM(1) VP(1) 

1.592E+02 6.61 lE+00 -1.592E+02 


Thus, 


Vo= 6.61 lcosílOQOt-159.2^1 V 
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Chapter 10, Problem 84. 

ObtainV^ in the circuit of Fig. 10.126 using PSp/cí;. 



For Prob. 10.84. 


Chapter 10, Solution 84. 

The schematic is shown below. We set PRINT to print Vo in the output file. In AC 
Sweep box, we set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. After 
simulation, we obtain the output fde which includes: 


VP($N_0003) 


E+02 


FREQ 
1.592 E-01 


VM($N_0003) 
1.664 E+00 


-1.646 


Namely, 


V„ = 1.664Z-146.4" V 



AC=yes 

PHASE=yes 

MAG=yes 
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Chapter 10, Problem 85. 

Use PSpice to find in the circuit of Fig. 10.127. 



Figure 10.127 
ForProb. 10.85. 

Chapter 10, Solution 85. 

The schematic is shown below. We let = 1 rad/s so that L=1H and C=1F. 
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When the circuit is saved and simulated, we obtain from the output file 


FREQ VM($N_0001) VP($N_0001) 
1.592E-01 4.471E-01 1.437E-h01 


From this, we conclude that 


Vn = 447.1Z14.37” mV 


Checldng using MATLAB and nodal analysis we get, 


» Y=[1.5,-0.25,-0.25,0;0,1.25,-1.25,li;-0.5,-l,1.5,0;0,li,0,0.5-li] 


Y = 


1.5000 

0 

-0.5000 

0 


-0.2500 -0.2500 

1.2500 -1.2500 

-1.0000 1.5000 

O-^l.OOOOi 0 


0 

0-r l.OOOOi 
0 

0.5000 - l.OOOOi 


»I=[0;0;2;-2] 
1 = 


0 

0 

2 

-2 

» V=inv(Y)*I 
V = 


0.4331 -I- 0.11 lOi = Vo = 0.4471 Z14.38°, answer checks. 
0.6724 -I- 0.3775Ì 
1.9260 -I- 0.2887Ì 
-0.1110- 1.5669Ì 
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Chapter 10, Problem 86. 


Use PSpice to find , and V 3 in the network of Fig. 10.128. 


80 



Figure 10.128 

ForProb. 10.86. 
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Chapter 10, Solution 86. 

The schematic is shown below. We insert three pseudocomponent PRINTs at nodes 1, 2, 
and 3 to print Vi, V^, and V 3 , into the output file. Assume that w = 1, we set Total Pts = 

1, Start Freq = 0.1592, and End Freq = 0.1592. After saving and simulating the circuit, 
we obtain the output file which includes; 


VP($N_0002) 

FREQ 

VM($N_0002) 

E+01 

1.592 E-01 

6.000 E+01 

VP($N_0003) 

FREQ 

VM($N_0003) 

E+01 

1.592 E-01 

2.367 E+02 

VP($N_0001) 

FREQ 

VM($N_0001) 


1.592 E-01 

1.082 E+02 


3.000 


-8.483 


1.254 


Therefore, 


Vi = 60Z3Q" V V 2 = 236.7Z-84.83"V V 3 = 1Q8.2Z125.4" V 
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Chapter 10, Problem 87. 

Determine , and V 3 in the circuit of Fig. 10.129 using PSpice. 


710Q 



Figure 10.129 
ForProb. 10.87. 
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Chapter 10, Solution 87. 


The schematic is shown below. We insert three PRINTs at nodes 1, 2, and 3. 

, We set 

Total Pts = 1, Start Freq = 

0.1592, EndFreq = 

0.1592 in the AC Sweep box. 

After 

simulation, the output file includes: 




FREQ 

VM($N_0004) 


VP($N_0004) 

1.592 E-01 

1.591 E+01 

1.696 

E+02 

FREQ 

VM($N_0001) 


VP($N_0001) 

1.592 E-01 

5.172 E+00 

-1.386 

E+02 

FREQ 

VM($N_0003) 


VP($N_0003) 

1.592 E-01 

2.270 E+00 

-1.524 


Therefore, 

V| = 15.91Z169.6“ V V 2 = 5.172Z-138.6“ V V 3 = 2.27^-152.4" V 


L1 
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Chapter 10, Problem 88. 

UsePS/7/c é^tofind and in the circuit of Fig. 10.130 below. 


4 20 mF 2 H 



Figure 10.130 

ForProb. 10.88. 
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Chapter 10, Solution 88. 

The schematic is shown below. We insert IPRINT and PRINT to print lo and Vo in the 
output file. Since w = 4, f = w/27i = 0.6366, we set Total Pts = 1, Start Freq = 0.6366, 
and End Freq = 0.6366 in the AC Sweep box. After simulation, the output file includes: 


VP($N_0002) 

E+01 

FREQ 

6.366 E-01 

VM($N_0002) 

3.496 E+01 

1.261 

(V_PRINT2) 

-8.870 E+01 

FREQ 

6.366 E-01 

IM(V_PRINT2) 

8.912 E-01 

IP 

Therefore, Vo 

= 34.96Z12.6“ V, E 

= 0.8912Z-88.7“ A 


v„ = 34.96 cosf4t + 12.6“W. 

i„ = 0.8912cosí4t - 88.7“ ÌA 
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Chapter 10, Problem 89. 

The op amp circuit in Fig. 10.131 is called an inductance simiilator. Show that the input 
impedance is given by 



where 




Figure 10.131 

ForProb. 10.89. 
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Chapter 10, Solution 89. 


Consider the circuit below. 


Ri ^ Ri R 3 ^ C R 4 

AAA ‘*^AAA 2 AAA l/' 4 AAA 


Atnode 1, 


o-v,„ V,„-V, 


-y„ +v, = —y„ 

in z Tj in 


î lin 

Vin 


At node 3, 


Y _Y Y -V 

^2 ^ in ^ in ^4 


-Vi„+V, 


1/jcoC 

Vi„-V2 

jcoCR^ 


From (1) and (2), 


-Y +V =-^-V 

^ JcoCRjR, 


V -V 

^ in ^4 


R4 jcoCR^RiR^ 


jtoCR^R^R^ . 

- R, - 


where L„ 


R1R3R4C 
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Chapter 10, Problem 90. 


Figure 10.132 shows a Wien-bridge network. Show that the frequency at which the phase 
shift between the input and output signals is zero is / = ^ttRC , and that the necessary 
gain is A^, W. = 3 at that frequency. 



Figure 10.132 
ForProb. 10.90. 
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Chapter 10, Solution 90. 

Let = R II T-^ 

jcoC 


R 

1 + j coRC 


Zg — R + 

Consider the circuit shown below. 


1 

jcoC 


1 + j coRC 
jcoC 



V ^ Y _ 2 y 

° Z3 + Z4 ' R.+Rj ‘ 

R 

Vq _ 1+ jcoC _ 1^2 

Y R 1 + jcoRC ~R^ +R, 

1 + jcoC jcoC 

_ jcoRC Rj 

jcoRC + (1 + jcoRC)^ Rj + R^ 

V, ^ jcoRC R 2 

Vj ~ l-co"R"C"+j3coRC Rj+R^ 


For Vg and V^ to be in phase 



must be purely real. This happens when 


l-co^R"C" =0 


CO = —— = 27lf 
RC 


or 

At this frequency, 


1 


2nRC 

= ^- 

V 


í_ 

3 


R2 

R) + R^ 
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Chapter 10, Problem 91. 

Consider the oscillator in Fig. 10.133. 

(a) Determine the oscillation frequency. 

(b) Obtain the minimum value of R for which oscillation takes place. 


80 kQ 



Figure 10.133 
ForProb. 10.91. 
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Chapter 10, Solution 91. 


(a) Let 


V, 

V<, 

Zp 

Z. 


= voltage at the noninverting terminal of the op amp 
= output voltage of the op amp 
= 10kD=R^ 

1 

— R + j coL + 

^ jcoC 


As in 


Section 10.9, 

V2 _ Zp ^ 

V 7+7 

P R + R^+jcoL- 

V 2 coCR, 

V^"coC(R + RJ + j(co^LC-l) 


coC 


For this to be purely real, 

o,^LC-l = 0 > ““=7Ec 


“ 2 jiVÏ^ 2jiV(0.4x10‘^)(2x10'’) 

= 180 kHz 


(b) At oscillation, 

V, _ co„CR, _ R, 
V„ co„C(R + RJ R + R„ 


This must be compensated for by 


A 


V 



Rq _i 
R + Re 5 


> r = 4R. = 4Qkfì 
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Chapter 10, Problem 92. 


The oscillator circuit in Fig. 10.134 uses an ideal op amp. 

(a) Calculate the minimum value of that will cause oscillation to occur. 

(b) Find the frequency of oscillation. 


imí:2 



Figure 10.134 

ForProb. 10.92. 
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Chapter 10, Solution 92. 


Let 


V 2 = voltage at the noninverting terminal of the op amp 
Vq = output voltage of the op amp 

z.=Ro 


= jíoLII 


1 

jcoC 


R = 


1 


1 

~ + j (oC + 
R ■’ 


1 

jcoL 


coRL 

coL +jR((o'LC-l) 


As in Section 10.9, 

coRL 

y^__Zp_ coL + jR(co^LC^ 

V “ Z + Z “ coRL 

° * p R +- 

° coL + jR(co"LC-l) 

y^_ torl_ 

V " ®RL + coR,L + jR„R (co"LC-1) 


For this to be purely real, 
co„^LC = l -> 


1 

2tcVlC 


(a) At co = co„, 

cOqRL _^ 

®oRL+®oRoL R + Ro 


This must be compensated for by 


A 


V 


V„ Rf 1000k 

— =1 + —= 1 +- 

Vj R„ 100k 


= 11 


Hence, 

R 1 

R + Ro “11 


R„ = lOR = lQQkfì 


(b) 


1 

f =- 

° 2nV(10xlO-'')(2xlO+) 

f„ = Í.12js Mfíz 
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Chapter 10, Problem 93. 

e0d 

Figure 10.135 shows a Colpitts osciUator. Show that the oscillation frequency is 


" 27r.jLC^ 

where Cj = C^C^ l{C^ + ). Assuine R. » 



L 


Ci ^ J C, 


Figure 10.135 

A Colpitts oscillator; for Prob. 10.93. 

{Hint: Set the imaginary part of the impedance in the feedbacic circuit equal to zero.) 
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Chapter 10, Solution 93. 


As shown below, the impedance of the feedback is 

j(oL 

— 


1 


JcoCj 


1 


JcoCj 


= 


JcoCi 


jcoL+^— 

V JtoCjy 


= 


coC^ 


f 

jcoL + ^ 
V coC 


2 y 


— - coLC. 
co 


-J 


+ jcoL + 


- j j(C| +C 2 — co^LCjC^) 


In order for Z^ to be real, the imaginary term must be zero; i.e. 


C| +C 2 “Co^LC^C^ — 0 


2 C1+C2 

CO„ = 


1 


LC^C^ LC^f 


“ 2jtVïz; 
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Chapter 10, Problem 94. 

e0d 

Design a Colpitts oscillator that will operate at 50 kHz. 


Chapter 10, Solution 94. 


If we select = C^ = 20 nF 


C1C2 C, 

Ct = ^ " = ^ = 10 nF 

^ C,+C 2 2 


Since f„ = 


“ 2ji7ÏA’ 


L = 


1 


1 


(2jif Ct (43x 0(2500 X lO" )(10 x lO'^) 

1 1 


= 10.13 mH 


(0C2 (2jx)(50x100(20x100 


159 D 


We may select R; = 20 kCì and > Rj, say R^ = 20 kfl . 

Thus, 

C. = = 20 nF . L = 10.13 mH R, = R = 2Qkn 
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Chapter 10, Problem 95. 

Figure 10.136 shows a Hartley oscillator. Show that the frequency of oscillation is 

f= _ 1 _ 

" 2;rVc(Z,+L,) 



Figure 10.136 

A Hartley oscillator; For Prob. 10.95. 

Chapter 10, Solution 95. 

First, we find the feedback impedance. 


C 

ne 


Zt 


= jíoL, II jíoL^ + T 


1 


jcoC, 


jcoL,|jcoL, 

. T • T j ~ j(ro"C(L,+L2)-1) 
jcoL,+jcoL,-— ' ‘ ^ 

In order for to be real, the imaginary term must be zero; i.e. 
co^C(L, +L2)-1 = 0 

1 


co„ = 2nf = 


C(L,+L,) 


1 

f = - 

“ 27iVC(L, +Lj) 
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Chapter 10, Problem 96. 


Refer to the oscillator in Fig. 10.137. 

(a) Show that 

V2 _ 1 

V„ 3 + ì{coLIR-RI(oL) 

(b) Determine the oscillation frequency . 

(c) Obtain the relationship between and in order for oscillation to occur. 



L 


R 



Figure 10.137 

ForProb. 10.96. 
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Chapter 10, Solution 96. 


(a) Consider the feedback portion of the circuit, as shown below. 



= V 

R + jcoL 




V,= 


R + jcoL 
jcoL 


V. 


( 1 ) 


Applying KCL at node 1, 


Vo-V| _Vi| V, 

jcoL R R + jcoL 


-V,-jcoLV, - + 


1 


1 


R R + jcoL_ 


= V, 


^ j2coRL-co"L" ' 
ly R(R + jCOL) y 


( 2 ) 


From (1) and (2), 

V„ = 


^R +jcoL^ 


V jcoL 


1 + 


j2coRL-(o^L^^ 

R(R + jcoL) 


V„ R" + jcoRL + j2coRL - co"L" 
V 2 jcoRL 


V2 _ 1 

V„ R"-co"L" 

3 + ——— 

jcoRL 

V 2 1 

V„ 3 + j((»L/R-R/coL) 
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(b) 


(c) 


Since the ratio — must be real, 
0 


co^L R 


R cd„L 
co„L 

R 

= 2tlfe = — 


f = 


R 

27iL 


When co = co^ 


This must be compensated for by = 3. But 

Ro 


A.=,.- = 3 


R,=2R, 
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Chapter 11, Problem 1. 


If v(t) = 160 cos 50/ V and i(t) = -20 sin(50/ - 30°) A, calculate the instantaneous power 
and the average power. 


Chapter 11, Solutíon 1. 

v(t) = 160cos(50t) 

i(t) = -20sin(50t - 30°) = 2 cos(50t - 30° +180°- 90°) 
i(t) = 20cos(50t + 60°) 


p(t) = v(t)i(t) = (160)(20)cos(50t)cos(50t + 60°) 
p(t) = 1600 [ cos(l OOt + 60°) + cos(60°) J W 
p(t) = 800 + 1600 cos(l OOt + 60°) W 


P - cos(e, -0,) = ^(160)(20)cos(60°) 

P = 800 W 
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Chapter 11, Problem 2. 


Given the circuit in Fig. 11.35, find the average power supplied or absorbed by each 
element. 


-/4 Q : 



5Q 


Figure 11.35 
ForProb. 11.2. 


Chapter 11, Solutìon 2. 

Using cuiTent division, 


jl h h 



_ /1-/4 ... -/6 

/, - - -(2) = —-— 

5 + 7 I- 74 ' 5-j3 


-^-( 2 ) = ^^ 

5+71-74' 5-73 


For the inductor and capacitor, the average power is zero. For the resistor, 
p = i I /J" 7? = i (1.029)" (5) = 2.647 W 
V; =5/, =-2.6471-74.4118 

5 = i V„/* = i (-2.6471 - 74 . 4 118).ï2 = -2.6471 - 74 . 4 118 


Hence the average power supplied by the current source is 2.647 W . 
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Chapter 11, Problem 3. 


A load consists of a 60- Q resistor in parallel with a 90 F capacitor. If the load is 
connected to a voltage source (t) = 40 cos 2000/, find the average power delivered to 
the load. 


Chapter 11, Solutìon 3. 



C 


90 //F 


1 


1 


-75.5556 


j<yC xlxXÇr’ 

I = 40/60 = 0.6667A or Us = 0.6667/1.4142 = 0.4714A 

The average power delivered to the load is the same as the average power absorbed by 
the resistor which is 


P.w = ITnKr60 = 13.333 W . 
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Chapter 11, Problem 4. 


Find the average power dissipated by the resistances in the circuit of Fig. 11.36. 
Additionally, verify the conservation of power. 


5Q 



Figure 11.36 

ForProb. 11.4. 
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Chapter 11, Solution 4. 


We apply nodal analysis. At the main node, 



- + - 


20<30"-V„ _ 

5 8-;6 

For the 5-íl resistor, 

20<30"-V 


-+ ^„ = 5.152 + 710.639 


^ = 2.438 <-3.0661” A 


fi=- 


The average power dissipated by the resistor is 

P=L\J R = Ì,ï2.438'jc5 = 14.86 W 
2 2 - 


For the 8-íl resistor, 

/,=-^ = 1.466 <71.29" 
8-7 


The average power dissipated by the resistor is 

^2 = ^ 14 I" ^2 = ^ .466"jc8 = 8.5966 W 


The complex power supplied is 

s = ^VX = ^(20< 30”)(2.438 < 3.0661") = 20.43 + 713.30 VA 
Adding Pi and P 2 gives the real part of S, showing the conservation of power. 
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Chapter 11, Problem 5. 

Assuming that = 8 cos(2/ - 40^^) V in the circuit of Fig. 11.37, find the average power 
delivered to each of the passive elements. 

ìíl 2D. 



Figure 11.37 
ForProb. 11.5. 


Chapter 11, Solutîon 5. 

Converting the circuit into the frequency domain, we get: 


IQ 2Q 



8Z-40'' 

—. = 1.6828Z - 25.38^ 

^ , j6(2-j2) 

j6 + 2-j2 


Plíì 

Pbh 


1,6828^ 
2 

= Po.25F = 0 


1 = 1.4159W 


12Í2 


j6 


j6 + 2-j2 


-1.6828Z-25.38' 


2 = 5.097 W 


2.258 
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Chapter 11, Problem 6. 


Forthe circuit in Fig. 11.38, =6cosl0^í A. Find the average power absorbed by the 
50-Q resistor. 


20L 



Figure 11.38 
ForProb. 11.6. 
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Chapter 11, Solution 6. 

20 mH -> j(oL= jl0\x20xl0-^ = j20 


40|aF —>- 

jcoC 


1 

jl 0^x40x10“^ 


--j25 


We apply nodal analysis to the circuit below. 





10 + j20 50-j25 


But = 


v. 


50-j25 
1 20 


. Substituting this and solving for Vo leads 


1 


1 


10 + j20 (10 + j20) (50-^25)"^ 50-j25 

1 20 


IVo=6 


22.36Z63.43° (22.36Z63.43°)(55.9Z-26.57°) 55.9Z-26.57° 

(0.02 - j0.04 - 0.012802 + j0.009598 + 0.016 + j0.008)Vo = 6 


IVo=6 


(0.0232 -j0.0224)Vo = 6 or Vo = 6/(0.03225Z-43.99° = 186.05Z43.99° 

For power, all we need is the magnitude of the ims value of Ix. 

|Ix| = 186.05/55.9 = 3.328 and |IxU = 3.328/1.4142 = 2.353 

We ean now caleulate the average power absorbed by the 50-íl resistor. 

Pavg = (2.353)^x50 = 276.8 W . 
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Chapter 11, Problem 7. 


Given the circuit of Fig. 11.39, find the average power absorbed by the 10- resistor. 


4 0 V 


-;5 0 



+ 



Figure 11.39 
ForProb. 11.7. 


Chapter 11, Solution 7. 

Applying KVL to the left-hand side of the eireuit, 
8Z20°=4I„ +0.1V„ 


Applying KCL to the right side of the cireuit, 

= 0 


81 ., + ^ + 


j5 10-j5 
10 


But, 

Hence, 


10-j5 


-+ V, 


10-j5 v„ 

81 +-^V + —= 0 

“ j50 “ 10 


1 


j0.025V„ 


10-j5 
10 


Suhstituting (2) into (1), 

8Z20° = 0.1V„(l + j) 
80Z20° 


V. =- 


1 + j 


V 8 

II =-2- = -^Z-25° 

10 V2 


p = i|lj pR = 


1 ¥64 


2A 2 


(10) = 160W 


( 1 ) 


( 2 ) 
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Chapter 11, Problem 8. 


In the drcuit of Fig. 11.40, deteiTnine the average power absorbed by the 40- Q resistor. 



C -j20n 


6/0" A Q 

) jjion <1 

o.5i„ 1 


40 


Figure 11.40 
ForProb. 11.8. 
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Chapter 11, Solutìon 8. 


We apply nodal analysis to the following cireuit. 


6Z0° 



At node 1, 

At node 2, 

But, 

Hence, 


V. V,-V^ 


»■ 51 .- 1 .=^ 


I 


Vj-V, 


-j20 
1.5(V,-V,) _V, 
-j20 40 

3V,=(3-j)V, 


Substituting (1) into (2), 

j360-3V2-3V2+jV2 = 0 

j360 360 

V, =^^-=-(-l + j6) 

" 6-j 37 ^ ^ 


V^ 9 


I, =^ = —(-1 +j6) 
' 40 37^ ^ ’ 


h 

40 Q 


( 1 ) 


( 2 ) 


1, ,2 1 9 

p=-I R=--= 

2 ' 2IV37, 


(40) = 43.78 W 
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Chapter 11, Problem 9. 

For the op amp circuit in Fig. 11.41, = 10Z30^ V ims. Find thc avcragc powcr 

absorbcd by thc 20-kQ rcsistor. 



Figure 11.41 

ForProb. 11.9. 


Chapter 11, Solution 9. 

This is a non-invciling op amp circuit. At thc output of thc op amp, 




^ z ^ 

l+^ 


V = 1 + 


(10 + ;6).d0' 
(2 + jA)xlO^ 


, 3 ^ 


(8.66 + 75) = 20.712 +j28.124 


Thc cuiTcnt through thc 20-kç rcsistor is 

I = --= 0.1411+/1.491 mA 

20it-;12ifc 

P =1 //? = ( 1 .4975)' xì 0"'’.ï20.d O' = 44.85 mW 


Chapter 11, Problem 10. 

In thc op amp circuit in Fig. 11.42, find thc total avcragc powcr absorbcd by thc rcsistors. 


R 



Figure 11.42 
ForProb. 11.10. 

Chapter 11, Solution 10. 

No cuiTcnt flows through cach of thc rcsistors. Hcncc, for cach rcsistor, 

P = 0 W. It should bc notcd that thc input voltagc will appcar at thc output of 

cach of thc op amps. 

PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reseived. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou are using it without permission. 


































Chapter 11, Problem 11. 


For the network in Fig. 11.43, assume that the poit impedance is 
= I ^ Z- tan“' (ORC 

VI + (o^R^C^ 

Find the average power eonsumed by the network when /î = 10 kí2, C = 200 nF, and 
i = 2 sin(377í + 22“) mA. 


Linear 

network 


-o b 


Figure 11.43 
ForProb. 11.11. 


Chapter 11, Solution 11. 

(0 = 377, R = 10L € = 200x10" 

coRC = (377)(10‘*)(200x 10") = 0.754 
tan"(coRC) = 37.02° 

10k 

Zab = =Z- 37.02° = 7.985Z-37.02° kfì 

Vl +(0.754)^ 

i(t) = 2 sin(3 77t + 22°) = 2 eos(3 77t - 6 8°) mA 
I = 2Z-68° 


S = 
S = 


í 


7 — 

^rms^ab 


V 

15.97Z-37.02^ mVA 


2x10“ 

“TT 


(7.985Z-37.02°) xlO^ 


P = S eos(37.02) = 12.751 mW 
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Chapter 11, Problem 12. 


For the circuit shown in Fig. 11.44, deteiinine the load impedance Z for maximum power 
transfer (to Z). Calculate the maximum power absorbed by the load. 


jlU. 



Figure 11.44 
ForProb. 11.12. 


Chapter 11, Solution 12. 

We fìnd the Thevenin impedance using the circuit below. 

jl Çì 



We note that the inductor is in parallel with the 5-íl resistor and the combination is in 
series with the capacitor. That whole combination is in parallel with the 4-íl resistor. 
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Thus, 


■"Thev 


4 -j3 + 


5xj2 
5 + j2 


4-j3 + 


5xj2 


5 + j2 
= 1.1936Z-46.39° 


4(0.6896-jl .2758) 
4.69-jl .2758 


4(1.4502Z-61.61°) 
4.86Z-15.22° 


ZThev = 0.8233-jO.8642 or Zr = Q.8233 + ÌQ.8642ÍÌ . 

We obtain Vxh using the eireuit below. We apply nodal analysis. 

j2 D 



V2-40 ^ V2-40 ^ V2-0 _o 
4-j3 j2 5 

(0.16 + jO. 12 - jO.5 + 0.2)V2 =(0.16 + jO. 12 - j0.5)40 
(0.5235Z - 46.55°)V2 = (0.4123Z - 67.17°)40 

Thus, V 2 = 31.5Z-20.62W = 29.48 - j 11.093V 

I = (40 - V2)/(4 - j3) = (40 - 29.48 + jl 1.093)/(4 - j3) 

= 15.288Z46.5275Z-36.87" = 3.058Z83.39" = 0.352 + j3.038 

Vihev = 40 - 41 = 40 - 1.408 - j 12.152 = 38.59 - j 12.152V 
= 40.46Z-17.479“V 
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We can check our value of Vniev by letting Vi = Vxiiev. Now we ean use nodal analysis to 
solve for Vi. 


At node 1, 

V,-40 V|-V, V 7 -O 

-!-+ ^ ^-= 0 ^ (0.25 + j0.3333)Vi + (0.2 - j0.3333)V2 = 10 

4 -j3 5 

At node 2, 

V,-Vi Vt-40 

+ ^ -= 0^-j0.3333Vi +(-j0.1667)V2 =-j20 

-j3 j2 

»Z=[(0.25+0.3333i),-0.3333i;-0.3333i,(0.2-0.1667i)] 

Z = 

0.2500+ 0.3333Ì 0 - 0.3333Ì 

0-0.3333Ì 0.2000-0.1667i 

»I=[ 10 ;- 20 i] 

1 = 

10.0000 

0 -20.0000Ì 

» V=inv(Z)*I 

V = 

38.5993 -12.1459Ì 
29.4890-11.0952Ì 

Please note, these values check with the ones obtained above. 

To ealculate the maximum power to the load, 

|lL|rms = (40.46/(2x0.8233))/1.4141 = 17.376A 
Pavg = (|lL|rms)"0.8233 = 248.58 W . 
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Chapter 11, Problem 13. 


The Thevenin impedance of a source is = 120 + j60 íì , while the peak Thevenin 
voltage is =110 +jOV. Deteimine the maximum available average power from the 
source. 


Chapter 11, Solution 13. 

For maximum power transfer to the load, Zl = 120 - jóOíl. 
iLrms = 110/(240x1.4142) = 0.3241A 

= II. .„+120 = 12.605 W . 
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Chapter 11, Problem 14. 


It is desired to transfer maximum power to the load Z in the circuit of Fig. 11.45. Find Z 
and the maximum power. Let = 5cos 40t A . 



40 mF 8 



Figure 11.45 

ForProb. 11.14. 


Chapter 11, Solutìon 14. 


We find the Thevenin equivalent at the tenninals of Z. 


40 mF -> —-- = j0.625 

jcoC }A0xA0xW^ 

7.5 mH -> >L=740 .v: 7.5H0“' = jO.3 


To fínd Zn,, consider the circuit below. 

-jO.625 8 D. 



Z„, = 8 - 70 . 625 -^ 12 // 7 O .3 = 8 - 70 . 625 = §.0075- 70.3252 

12-1-0.3 

Zl = (ZTi,ev)* = 8.008 -H i0.3252n . 
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To fínd Vxh, consider the eireuit below. 


-jO.625 8 D. 



By eunent division, 

Ii = 5G0.3)/(12-hj0.3) = 1.5Z90712.004Z1.43° = 0.12496Z88.57” 
= 0.003118+j0.12492A 
^Tliev rms “ I 2 I 1 /V 2 = 1.0603Z88.57“V 
iLrm. = 1.0603Z88.5772(8.008) = 66.2Z88.57"niA 

Pavg = |lLrn,s|^8.008 = 35.09 mW . 
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Chapter 11, Problem 15. 

In the circuit of Fig. 11.46, find the value of that will absorb the maximum power and 
the value of the maximum power. 


IQ 



Figure 11.46 

ForProb. 11.15. 

Chapter 11, Solution 15. 

To find , inseit a 1-A cuiTent source at the load teiminals as shown in Fig. (a). 



(a) 


At node 1, 


At node 2, 


Vq ,X_ v.-Vo 
1 j -J 

V -V 

i + 2 y, = " . “ 


V„=jv, 


-J 

Substituting (1) into (2), 

l = jV,-(2 + j)(j)V, =(l-j)V, 
1 

''■ = rr] 

Zju=^ = = 0.5 + jO.5 

12 

Zl = Z’I, = 0.5 - jO.5 


-+ l = jV,-(2 + j)V„ 


( 1 ) 

( 2 ) 
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We now obtain V.[.|, fiom Fig. (b). 



-V„-(-jx2VJ + V,„ =0 


í—ì" 

Vti^ I \ V2 y 

=-= 90 W 

8Rt (8)(0.5) - 
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Chapter 11, Problem 16. 

For the circuit of Fig. 11.47, fìnd thc maximum powcr dclivcrcd to thc load Zl. 


0.5 V, 



Figure 11.47 
ForProb. 11.16. 

Chapter 11, Solutìon 16. 

íy = 4, IH - > jcoL= iA, 1/20F -> —!—=-^-= - /5 

jcoC jAxHlO 

Wc fìnd thc Thcvcnin cquivalcnt at thc tciminals of Zl. To fìnd Vtii, wc usc thc circuit 
shown bclow. 



At nodc 1, 


10-Vi Vi Vi-V 9 

^^ = 3^ + 0-5Vi+ ^ ^ -> 5 = Vi(1.25 + j0.2)-0.25V2 (1) 

Z Jj 4 

At nodc 2, 

+ 0.25L = ^ -> 0 = 0.5L + V 2 (-0.25 + ;0.25) (2) 
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Solving (1) and (2) leads to 


Vj„=V,= 6.1947 + j7.0796 = 9.4072Z48.8r 

To obtain Rm, consider the circuit shown below. We replace Zl by a 1-A cuiTent source. 


O.SVi 



lA 


Atnode 1, 

V V V -V 

^+o.25y, + 0 —> 0 = y, (1 + 70.2) - o.25y, 

2 -j5 ‘4 iv ^ ^ 2 

(3) 

At node 2, 


y -y y 

i + - —^+o.25y = — 

4 j4 


-+ -1 = 0.5y, + y, (-0.25 + jO.25) 


(4) 


Solving (1) and (2) gives 

= ^ = 1.9115 + j3.3274 = 3.8374Z60.12" 


= 


9.4072 


8P„, 8t1.9115 


= 5.787 W 
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Chapter 11, Problem 17. 


Calculate the value of in the cireuit of Fig. 11.48 in order for to receive maximum 
average power. What is the maximum average power received by Z/^? 



Figure 11.48 

ForProb. 11.17. 
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Chapter 11, Solutìon 17. 


We find at teiTninals a-b following Fig. (a). 


-jlOQ 



Zxh =-jl0 + 30|| j20 + 40= jl0)(40 + j20) ^ £2 = Zl 

70 + jl0 - 


We obtain fi'om Fig. (b). 


Il^l2 


-jlOQ 


+ VTh — 


Î)j5. 


|2on 


Using cun'ent division, 

. 30 + j20^. 


I, =-^—(j5) = -l.l + j2.3 

‘ 70 + jl0 

40-jl0 

I, =-^(j5) = l.l + j2.7 

^ 70+ ^10 -^ ^ 


V.,,, =30l2+jl0I, =10 + j70 

= tîî-L = = 31.25 W 

8Rl (8)(20) - 
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Chapter 11, Problem 18. 


Find the value of in the circuit of Fig. 11.49 for maximum power transfer. 



Figure 11.49 

ForProb. 11.18. 


Chapter 11, Solutìon 18. 


We find at teiminals a-b as shown in the figure below. 



^TIi 

^TIi 


j20 + 40 11 40 + 80 11 (-j 10) = j20 + 20 + 


(8Q)(-jiQ) 

80-jl0 


21.23 + jl0.154 


Zl = Z;, = 21.23-jlO.lSQ 
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Chapter 11, Problem 19. 


The varìable resistor R in the circuit of Fig. 11.50 is adjusted until it absorbs the 
maximum average power. Find R and the maximum average power absorbed. 


3Í2 


1 -vwv- 


rn 

flíii 4ZS1A Q 


Uíì 1 


R 


Figure 11.50 

ForProb. 11.19. 


Chapter 11, Solutìon 19. 

At the load teiminals, 

^Tii - "j2 + 6 II (3 + j) - -j2 + ^ ^ ^ 

Zti, = 2.049-jl.561 

Rl =|zTh 1= 2.576fì 

To get Vt, , let Z = 6II (3 + j) = 2.049 + jO.439. 
By transfoiming the cuiTent sources, we obtain 
Vti, =(4Z0^)Z = 8.196 + jl.756 


P 


niax 


8.382 

2.049-jl.561 +2.576 


2.576 

2 


3.798 W 
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Chapter 11, Problem 20. 


The load resistance Rl in Fig. 11.51 is adjusted until it absorbs the maximum average 
power. Calculate the value of Rl and the maximum average power. 



Figure 11.51 

ForProb. 11.20. 


Chapter 11, Solutìon 20. 

Combine j20 Q and -j 10 to get j20 || -j 10 = -j20. 

To find Z-pi^, insert a 1-A current source at the terminals of , as shown in Fig. (a). 



At the supemode, 


1 = —+ —^ + ^^ 

40 -j20 -jlO 

40 = (l + j2)V,+j4V, 


( 1 ) 


Also, 


V,=V,+4I„, where I„ = ^ 

V^ 

1 IV = V -> V = — 

>'2 > ''l 


( 2 ) 
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Substituting (2) into (1), 

40 = (l + j2) 
44 

V =- 

^ l + j6.4 


1.1 


+ j4V, 


V, 

Zti, =^ = 1.05-j6.7m 
Rl = I Zti, I = 6.792 a 

To fìnd , consider the circuit in Fig. (b). 



At the supemode, 

120-y, V, V, 

4Ô 

120 = (l + j2)V|+j4V, 


Also, 


V =V +41 

V,+12 

V — 


where I„ 


120-V, 

40 


(3) 


(4) 


Substituting (4) into (3), 

109.09 - j21.82 = (0.9091 + j5.818) V^ 


V = V = 

Th '^2 


P = 

A max 


109.09-j21.82 
0.9091 + j5.818 

18.893 


= 18.893 Z-92.43'= 


1.05-j6.71 + 6.792 


6.792 


= 11.379 W 
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Chapter 11, Problem 21. 

Assuming that the load impedance is to be purely resistive, what load should be 
connected to terminals a-b of the circuits in Fig. 11.52 so that the maximum power is 
transferred to the load? 


100 íi -jion 



40 a 1 



120/60° V Q 

0 í 50 a < 

730 a ^ 


^ 2/90° 


Figure 11.52 

ForProb. 11.21. 

Chapter 11, Solutìon 21. 

We tind at terminals a-b, as shown in the tigure below. 


100 n -jion 



=50||[-jl0 + 100||(40 + j30)] 


where 


100||(40 + j30) = 


(100)(40 + j30) 
140 + j30 


31.707 + jl4.634 


Zti, =50||(31.707 + j4.634): 
Z,, =19.5 + jl.73 


(50)(31.707+ j4.634) 
81.707+ j4.634 


Rl =|Zt,, 1 = 19.58 Q 
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Chapter 11, Problem 22. 

Find the rms value of the offset sine wave shown in Fig. 11.53. 



0 'ir 'l'iT Stt / 


Figure 11.53 

ForProb. 11.22. 

Chapter 11, Solutìon 22. 

/(í) = 4sint, ^<t<n 


/2 

i rms 


— flósin'^ tdt = —I — 
n i n\l 


\6( t sin2t 


n 2 


= 2,828 A 


Chapter 11, Problem 23. 

Determine the rms value of the voltage shown in Fig. 11.54. 



Figure 11.54 

ForProb. 11.23. 

Chapter 11, Solution 23. 



5.774 V 
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Chapter 11, Problem 24. 

Detennine the ims value of the wavefonn in Fig. 11.55. 



Figure 11.55 
ForProb. 11.24. 


Chapter 11, Solution 24. 

T=2. ,(.) = {_'■_ 


0 < t < 1 
l<t<2 


=- 

rms 2 


V = 5 V 


|5Mt+ |'(-5r dt 


25 

= y[l + l] = 25 


Chapter 11, Problem 25. 

Find the ims value of the signal shown in Fig. 11.56. 


/(0 

r 

4 - 

1 

r . 

'-d 

1 1 2 3 4 f 

LJ LJ 

5 1 


Figure 11.56 

ForProb. 11.25. 


Chapter 11, Solution 25. 

fis =:|: Jo''f"(t)dt = t[|i(-4)"dt+ |f0dt+ g4"dt 


1 32 

= -[16 + 0 + 16] = — 
3 3 



= 3.266 
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Chapter 11, Problem 26. 

Find the effective value of the voltage wavefonn in Fig. 11.57. 

v(í) A 

10 - - - p 

5 - - - 


I_I_I_I_I> 

0 2 4 6 8 10 í 


Figure 11.57 
ForProb. 11.26. 


Chapter 11, Solutìon 26. 


T = 4, 



0 < t < 2 
2<t<4 


1 


V" =- 

rms ^ 


dt+|\l0)^ 


v„ 


5' dt + 

7.906 V 


dt 


1 

-[50 + 200] = 62.5 


Chapter 11, Problem 27. 

Caleulate the rms value of the current waveform of Fig. 11.58. 



Figure 11.58 

ForProb. 11.27. 


Chapter 11, Solution 27. 


T = 5, 


i(t) = t, 0 < t < 5 


dt = T--|^-LL-8.333 




1 t' 


125 


5 3 


15 


I.™ - 2.887 A 
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Chapter 11, Problem 28. 


Find the rms value of the voltage waveform of Fig. 11.59 as well as the average power 
absorbed by a 2- Q resistor when the voltage is applied across the resistor. 

vU) 

8 


02 57 10 12 / 

Figure 11.59 
ForProb. 11.28. 



Chapter 11, Solutìon 28. 



1 

f2 

(5 


V" 

ims 

" 5 


dt + ^ 0 dt 



1 

16tV, 

16 


rms 

“ 5 

2 

3 U 

=-(8) = 8.533 

V. . 

= 2.92 V 




8.533 

P = ^ =-= 4.267 W 


R 
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Chapter 11, Problem 29. 


Calculate the effective value of the current waveform in Fig. 11.60 and the average power 
delivered to a 12-Q resistor when the current runs through the resistor. 



Figure 11.60 

ForProb. 11.29. 

Chapter 11, Solution 29. 


T = 20, 


i(t): 


20-2t 5<t<15 

-40 + 2t 15<t<25 


lefT 20 

r =- 

-‘■eff 


|\20-2t)' dt+ J^^'(-40+2t)' dt 
Cl 00 - 2Ot +1") dt + IJt' - 40t + 400) dt 


lOOt-lOt^+V 


P = — 

leff = -[83.33 + 83.33 ] = 33.332 


'/+1—-20t'+400t 
3 y 


I,^ = 5.773 A 


p = = 400 W 
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Chapter 11, Problem 30. 

Compute the rms value of the waveform depieted in Fig. 11.61. 


v(0 

2 

0 

-1 



Figure 11.61 

ForProb. 11.30. 


Chapter 11, Solutîon 30. 


V(t) = 



0<t<2 

2<t<4 



1 

'8 

Jt" dt+ |(-1)" dt 

"4 



V_ = 1.08V 


1.1667 


Chapter 11, Problem 31. 

Find the rms value of the signal shown in Fig. 11.62. 



Figure 11.62 
ForProb. 11.31. 


Chapter 11, Solution 31. 

1 2 1 [l 2 

v\„., = - jv(r)Jí = - J(2í)'* + \{-AÝdt 


2 



8.6667 


2.944 V 
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Chapter 11, Problem 32. 

Obtain the rms value of the eurrent waveform shown in Fig. 11.63. 



Figure 11.63 
ForProb. 11.32. 

Chapter 11, Solution 32. 

lL=y[í(10t^r dt+f Odt 

iL=5ofr dt = 50-y|‘ =10 
I_ = 3.162 A 


Chapter 11, Problem 33. 

Determine the rms value for the waveform in Fig. 11.64. 

/(/) f 



0123456789 10 î 


Figure 11.64 
ForProb. 11.33. 


Chapter 11, Solution 33. 

1 ^ 1 r 1 ^ 

/L = - f 25íVí + J25dí+ j(-5í+ 20)Vr 

= 11.1056 


7 1 

e 

1 í 

4 

Iln, = - 

25- 

+ 25(3-l) + (25l—100í' + 400í) 


6 

3 

0 3 

3 


=3.3325 A = 3.332 A 
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Chapter 11, Problem 34. 

Find the effective value off(t) defined in Fig. 11.65. 


/(0 



-10 12 3 4 5 t 


Figure 11.65 
ForProb. 11.34. 

Chapter 11, Solution 34. 

= YÍf^(t)dt = ^[lo(3t)^dt+ 

_ j_ 

~ 3 

f,ms=V^ = 4^ 


9t- 


+ 36 


20 


Chapter 11, Problem 35. 

One eycle of a periodic voltage wavefomi is depicted in Fig. 11.66. Find the effective 
value of the voltage. Note that the cycle starts at t = 0 and ends at / = 6 s. 

v(í) 

30 

20 

10 


0 1 2 3 4 5 6 / 


J I I L 


Figure 11.66 

ForProb. 11.35. 


Chapter 11, Solution 35. 


V" 

nns 


V" 

nns 


V 

nns 


|l0" dt 

1 

-[100 + 400 + 1800 + 400 + 100] = 466.67 
6 

21.6 V 


|l0' dt+ ^20" dt+ 1*30" dt+ |20" dt + 
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Chapter 11, Problem 36. 


Calculate the rms value for eaeh of the following functions: 

(a) í(t) = 10 A (b) v(t) = 4 + 3 cos 5t V 

(c) í(t) = 8 - 6 sin 2í A (d) v(t) = 5 siní + 4 cos t V 


Chapter 11, Solution 36. 


(a) 

(b) 


(c) 


hms = 10 A 




4., =-j64 + y = 9.055A 


V„, 


V„, 


25 16 

-1- 

2 2 


4.528 V 


jl6 + ^ = 4,528 V 


(checked) 


Chapter 11, Problem 37. 

Calculate the rms value of the sum of these three currents: 
i\ = 8, Ì 2 = 4 sm(t + 10''), h = 6 cos(2t + 30") A 


Chapter 11, Solutìon 37. 


i — z) + + ^3 — 8 + 4sin(/ + lO*') + 6 cos(2/ + 30*^) 


I — V Inns + I^lrms + I^3nns — 1 64 H-1-— 

V 2 2 


V9Q= 9.487 A 
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Chapter 11, Problem 38. 


For the power system in Fig. 11.67, find: (a) the average power, (b) the reactive power, 
(c) the power factor. Note that 220 V is an rms value. 



Figure 11.67 
ForProb. 11.38. 


Chapter 11, Solution 38. 


^3 




220 

^ = —^ = 390.32 

124 


220 " 


r ^_ 

z; ~20+j25 

y" 220" 


Zj 90-780 


= 944.4-jl 180.5 
= 300 + 7267.03 


S = + 5^ + 53 = 1634.7 - 7913.47 = 1872.6 < -29.196” VA 

(a) P = RelS) = 1634.7 W 


(b) Q = Im(S) = 913.47 VA aeadingl 

(c) pf=cos (29.196°! = 0.8732 
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Chapter 11, Problem 39. 

An ac motor with impedance Z,l = 4.2 + j3i.6 Q is supplied by a 220-V, 60-Hz source. (a) 
Find pf, P, and Q. (b) Determine the capacitor required to be connected in parallel with 
the motor so that the power factor is corrected to unity. 


Chapter 11, Solution 39. 

(a) Zl = 4.2 +j3.6 = 5.5317 Z40.6° 

pf=cos40.6 = 0.7592 
220^ 

S = Vml =-^-= 6,643 + j5.694 kVA 

Z 5.5317Z-40.6" 

P = 6.643 kW 

Q = 5.695 kVAR 

^ P(tan0,-tan^A 6.643H0'(tan40.6"-tanO") ^ 

(b) C= -;-=-;-= 312//r, 

coV^l, 2;r.r60.r220" -^ 

{It is important to note that this capacitor will see a peak voltage of220 42 = 

311.08V, this means that the specifications on the capacitor must be at least this or 
greater!} 


Chapter 11, Problem 40. 

A load consisting of induction motors is drawing 80 kW ífom a 220-V, 60-Hz power line 
at a pf of 0.72 lagging. Find the capacitance of a capacitor required to raise the pf to 0.92. 


Chapter 11, Solutìon 40. 

pf\ = 0.72 = cos e ^ -> e, = 43.94' 

/7/2 = 0.92 = cos(92 -> 6>2 =23.07' 


C = 


P(tan(9^ -taní^^) 

olVL 


80H 0/0.9637-0.4259) 
2;r.r60x(220)' 


= 2.4 mF . 


{Again, we need to note that this capacitor wïll be exposed to a peak voltage of 
311.08V and must be rated to at least this level, preferably higher!} 
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Chapter 11, Problem 41. 


Obtain the power factor for each of the circuits in Fig. 11.68. Specify each power factor 
as leading or lagging. 


40 

O -AAAAr 


J5 n 


T"° T 


(a) 


-jin 


4 0 



lo 3710 


(b) 


Figure 11.68 

ForProb. 11.41. 


Chapter 11, Solution 41. 


(a) 


-j2||(j5-j2) = -j2||-j3 = 


(-j2)(-j3) 


= 4-j6 = 7.211Z-56.31° 
pf = cos(-56.31°) = 0.5547 (leading) 


(b) j2||(4 + j) = ^J^^^ = 0.64 + jl.52 

0.64 + j0.44 

Z = 1II (0.64+ jl.52- j) = ^ = 0.4793Z21.5- 

pf = cos^^l.S"^) = 0.9304 (lagging) 
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Chapter 11, Problem 42. 

A 110-V rms, 60-Hz source is applied to a load impedanee Z. The apparent power 
entering the load is 120 VA at a power factor of 0.707 lagging. 

(a) Calculate the complex power. 

(b) Find the rms current supplied to the load. 

(c) Determine Z. 

(d) Assuming that Z = R+jû)L, fínd the values of R and L. 


Chapter 11, Solution 42. 

(a) S=120, /7/ = 0.707 = cos6> -> 0 = 45^ 

S = Scosû+ jS sin 0 = 84.84-h/84.84 VA 

c 1 20 

(b) S=V I - > I = — = —= 1.091 Arms 

^ rms rms rms 1 lA ^ ^ ^ 

(c) S = ll,Z -> Z =/- = 71.278+771.278 fì 

^rms 

(d) If Z = R+jîïïL,then R- 71.278 íì 

71 278 

0jL = l7ifL = l\21% -> L = —-= 0.1891 H 

2;rx60 - 


Chapter 11, Problem 43. 

The voltage applied to a 10-Í2 resistor is 
v(/) = 5 + 3 cos(t + 10^) + cos(2/ + 30^) V 

(a) Calculate the rms value of the voltage. 

(b) Determine the average power dissipated in the resistor. 

Chapter 11, Solutìon 43. 


(a) Vyjns ~ ^V^lrms + V^2r7ns +V^3rms 

R - 



+ 


2 


= V3Ô = 5.477 V 
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Chapter 11, Problem 44. 


Find the complex power delivered by Vs to the network in Fig. 11.69. 
Let v,v =100 cos 2000t V. 


30 Q 
-AAA^ 


20 n 

--rr-VWA- 





4íï 


Figure 11.69 
ForProb. 11.44. 

Chapter 11, Solution 44. 

40//F -> —=-ì-- = - 712.5 

j(oC 72000 x 40 . ï 10 -'’ 

60mH -> jû}L = 72000x60x10“^ = jl20 

We apply nodal analysis to the circuit shown below. 

100-V 4/ -V y 

_ o I _ X __ _ o 

30 - 7 I 2.5 20 ~ 7’120 

v 

But /„ = —— . Solving íor Vo leads to 

7120 

y„ =2.9563 + 71.126 


lo 30 Í2 -jl2.5 20 íì 



100 K =2.7696 + 71.1165 
3O-7I2.5 

S = L,/; = 4(100)(2.7696 - 7 . 11 65) = 138.48-755.825 VA 
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Chapter 11, Problem 45. 


The voltage across a load and the current through it are given by 

v(t) = 20 + 60 cos lOOt V 
i(t) =1-0.5 sin lOOt A 

Find: 

(a) the rms values of the voltage and of the current 

(b) the average power dissipated in the load 


Chapter 11, Solutìon 45. 


60 ^ 

(a) V = 20" + ^ = 2200 -> = 46.9 V 

= Vrï25 = LMM 

(b) p(t) = v(t)i(t) = 20 + óOcoslOOt - lOsinlOOt - 30(sinl00t)(cosl00t); clearly 
the average power = 2QW . 
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Chapter 11, Problem 46. 


For the following voltage and current phasors, calculate the complex power, apparent 
power, real power, and reactive power. Specify whether the pf is leading or lagging. 

(a) V = 220Z30° V rms, I = 0.5Z60° A rms 

V = 250Z-10^Vims, 

(b) 

I = 6.2Z-25^Aims 

(c) V = SOZO^ V rms, I = 2.4Z -15^ A rms 

(d) V = 160Z45^Vrms,I = 8.5Z90^Arms 
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Chapter 11, Solutìon 46. 


(a) S = VI* = (220Z30^)(0.5Z - 60^) = 1 lOZ - 30^ 

S = 95.26-j55VA 


Apparent power = 110 VA 

Real power = 95.26 W 

Reactive power = 55 VAR 

pf is leading because current leads voltage 

(b) S = VI* = (250Z-10")(6.2Z25") = 1550Z15" 

S = 1497.2+ j401.2VA 


Apparent power = 1550 VA 

Real power =1497.2 W 

Reactive power =401.2 VAR 

pf is lagging because current lags voltage 

(c) S = VI* = (120Z0^)(2.4Z15^) = 288Z15^ 

S = 278.2+ j74.54VA 


Apparent power =288 VA 

Real power = 278.2 W 

Reactive power = 74.54 VAR 

pf is lagging because current lags voltage 

(d) S = VI* =(160Z45^)(8.5Z-90^) = 1360Z-45^ 

S= 961.7-Ì961.7VA 

Apparent power =1360 VA 

Realpower= 961.7 W 
Reactive power =- 961.7 VAR 

pf is leading because current leads voltage 
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Chapter 11, Problem 47. 

For each of the following cases, fínd the eomplex power, the average power, and the 
reaetive power: 

(a) v(t) = 112eos(íyí+10“) V, 

/(t) = 4 eos( ûj í - 50") A 

(b) v(t) = 160eos377íV, 

/(t) = 4 eos(377í + 45") A 

(e) V = 80Z60"Vrms,Z = 50Z30°í2 

(d) I = 10Z60" A rms, Z = 100Z45" Q 


Chapter 11, Solution 47. 

(a) V = 112Z10", I = 4Z-50" 

1 

s = - VI = 224Z60" = 112 + jl94 VA 

Average power =112 W 
Reaetive power =194 VAR 

(b) V = 160Z0°, I = 4Z45° 

S = -VI* = 320Z - 45° = 226.3 - Ì226.3 
2 -- 

Average power = 226.3 W 
Reactive power = -226.3 VAR 

Ivl' (80)' 

(c) S = = 128Z30^ = 110.85 + Í64 

^ ^ Z 50Z-30^ - 

Average power = 110.85 W 
Reactive power = 64 VAR 


(d) S = I ' Z = (100)(100Z45^) = 7.071 + j7.071 kVA 


Average power = 7.071 kW 
Reactive power = 7.071 kVAR 
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Chapter 11, Problem 48. 

Detemiine the eomplex power for the following eases: 

(a) P = 269 W, Ô = 150 VAR (eapacitive) 

(b) Q = 2000 VAR, pf = 0.9 (leading) 

(e) 5 = 600 VA, Q = 450 VAR (induetive) 

(d) Vn,s = 220V,P=lkW, 

|Z| = 40 (inductive) 

Chapter 11, Solutíon 48. 

(a) S = P - jQ = 269 - jl50 VA 


(b) pf = cose = 0.9 -> 0 = 25.84° 

Q 2000 


Q = SsinG 


S: 


sinG sin(25.84°) 


4588.31 


P = Scose = 4129.48 

S = 4129-j2000VA 


(c) Q = Ssin0 
0 = 48.59, 


-> sin0 


Q 450 

S “ 600 
pf = 0.6614 


:0.75 


P = Scos0 = (600)(0.6614) = 396.86 

S = 396.9+ j450VA 


(d) 


S = 

P = ScosG 
0 = 34.26^ 



( 220 )^ 

40 


= 1210 


P 

> COS0 = — 
S 


1000 

1210 


0.8264 


Q = Ssine = 681.25 

S = 1000 + j681.2VA 
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Chapter 11, Problem 49. 


Find the complex power for the following eases: 

(a) P = 4 kW, pf = 0.86 (lagging) 

(b) 5 = 2 kVA, P = 1.6 kW (capacitive) 

(c) V_ = 208Z20° V, I_ = 6.5Z - 50° A 

(d) V,„„ = 120Z30° V, Z = 40 + 760 £1 


Chapter 11, Solution 49. 


4 

(a) S = 4 + j—sin(cos-' (0.86)) kVA 

S = 4 + j2.373kVA 


P 1.6 

(b) pf = — =-—0.8 = cosO -> sin0 = O.6 

o .z 

S = 1.6 - j2sin 0 = 1.6 - jl.2 kVA 


(c) S = V„„,, iL = (208Z20°)(6.5Z50°) VA 
S = 1 .352Z70° = 0.4624 + jl.2705 kVA 


(d) 


|v|' (120)" _ 14400 

Z’ “ 40-j60 " 72.11Z-56.31° 

S = 199.7Z56.31° = 110.77 +jl66.16 VA 
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Chapter 11, Problem 50. 


Obtain the overall impedanee for the following cases: 

(a) P = 1000 W, pf = 0.8(leading), 

= 220 V 

(b) P = 1500 W, Ô = 2000 VAR (induetive), 
frnis “ 12 A 

(c) S = 4500Z60°VA,V = 120Z45°V 


Chapter 11, Solution 50. 


(a) 


S = P - jQ = 1000- j—sin(cos-‘ (0.8)) 
S = 1000-j750 


But, 



^>_ |Vnns| _ (220)^ 

S 1000-j750 

Z= 30.98-j23.23Q 


30.98 +j23.23 


(b) 



1500 + j2000 
( 12 )^ 


10.42+ jl3.89n 


(c) 


^>_ iv,.n,sr _ ivr _ (120)^ 

S 2S (2)(4500Z60°) 
Z = 1.6Z60°= 0.8 + jl.386fì 


1.6Z-60° 
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Chapter 11, Problem 51. 


For the entire circuit in Fig. 11.70, calculate: 

(a) the power factor 

(b) the average power delivered by the source 

(c) the reactive power 

(d) the apparent power 

(e) the complex power 


20 

— vwv- 


16/45" V 




: -jS £ì 

3 

lon 

1 sa 


Figure 11.70 


ForProb. 11.51. 

Chapter 11, Solution 51. 

(a) 

Z, =2 + (10-j5)||(8 + j6) 

^ _ (10-j5)(8 + j6) _110 + j20 

18 + j 18 + j 


Zt =8.152 + j0.768 = 8.188Z5.382° 


pf = cos(5.382°) = 0.9956 (lagging) 

(b) 

1 . |v' (16)^ 

S VI ^ 

2 2Z’ (2)(8.188Z-5.382°) 


S = 15.63Z5.382° 


p = Scose= 15.56 W 

(t^) 

Q = Ssine= 1.466 VAR 

(d) 

S = S = 15.63 VA 

(e) 

S = 15.63Z5.382°= 15.56 +jl.466VA 
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Chapter 11, Problem 52. 


In the drcuit of Fig. 11.71, device A receives 2 kW at 0.8 pf lagging, device B receives 3 
kVA at 0.4 pf leading, while device C is inductive and consumes 1 kW and receives 500 
VAR. 

(a) Deteimine the power factor of the entire system. 

(b) Find I given that V^ = 120^45"^ V iTns. 


o- 




o- 


- r~ri 

B 


1 

c 

J 


Figure 11.71 
ForProb. 11.52. 


Chapter 11, Solution 52. 


Sa =2000 + j=^0.6 = 2000 + jl 500 

Sb = 3000x0.4-j3000x0.9165 = 1200-j2749 
Sc =1000 + j500 
S = Sa+Sb+Sc= 4200 - j749 


(a) pf = . = 0.9845 leading. 

V4200^+749^ 

/1-\ C T* T* 4200~ j749 C C C / CC110 

(b) S = ^lrms “ 120^4^0 ~ 35.55^ — 55.11 

Uc- 35.55Z55.11^ A . 
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Chapter 11, Problem 53. 


In the drcuit of Fig. 11.72, load A receives 4 kVA at 0.8 pf leading. Load B receives 2.4 
kVA at 0.6 pf lagging. Box C is an inductive load that consumes 1 kW and receives 500 
VAR. 

(a) Deteimine I. 

(b) Calculate the power factor of the combination. 



Figure 11.72 

ForProb. 11.53. 


Chapter 11, Solutìon 53. 

S = Sa + Sb + Sc = 4000(0.8-j0.6) + 2400(0.6+j0.8) + 1000 + j500 
= 5640+j20 = 5640Z0.2° 


(a) 


^ ^ ^ . 5640Z0.2° ^ 


V V 
''rms '^rms 


V™s 120Z30= 


4~2 


I = V2x66.46Z29.88° = 93.97Z29.8°A 


(b) pf = cos(0.2°) - 1.0 lagging . 
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Chapter 11, Problem 54. 

For the network in Fig. 11.73, fìnd the eomplex power absorbed by eaeh element. 



/5 Q 


Figure 11.73 
ForProb. 11.54. 

Chapter 11, Solutìon 54. 

Consider the cireuit shown below. 


h 

r 


8Z-20° 


4-j3 
8Z - 20° 


j5 


1.6Z16.87° 

1.6Z-110° 


I = Ij += (-0.5472 - jl .504) (1.531 -l- jO.4643) 
I = 0.9839 - jl .04 = 1.432Z - 46.58° 

For the source, 

S 
S 

For the capaeitor, 

S = I, p Z, = ^(1.6)^(-j3) = - j3.84 VA 
For the resistor, 

S = I' = t(i.6)^(4)= 5.12VA 
For the inductor, 

s = r Zl = ^(1.6)^(j5) = j6.4VA 


1 . 1 

= -VI =-(8Z-20^)(1.432Z46.58°) 
= 5.728Z26.58^ = 5.12 -h j2.56 VA 
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Chapter 11, Problem 55. 


Find the complex power absorbed by each of the five elements in the circuit of Fig. 
11.74. 


-jiOD. jioa 



Figure 11.74 
ForProb. 11.55. 
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Chapter 11, Solution SS. 

We apply mesh analysis to the following cireuit. 


-.j20f2 jlOfl 



S0Z90° V rms 


Formesh 1, 

40 = (20-j20)Ii -201^ 

2 = (l-j)I,-l 3 

( 1 ) 

For mesh 2 , 

-j50 = (20 + jl0)l2-20I, 

-j5 = -2I, + (2 + j)I, 

( 2 ) 

Putting (1) and (2) in matrìx foim. 



" 2 ' 


'l-j 

-1 ' 

'li' 

_-j5. 


_ -2 

2 -Hj_ 

_I2- 


A = l-j, Aj=4-j3, A2=-l-j5 

= Al = ÍZA = 1(7 + j) = 3.535Z8.13° 

A 1-j 2 

^2 -l-j5 

I, =-l = -r^ = 2-j3 = 3.605Z-56.31° 

' A 1-j 

I 3 = l^ -Ij = (3.5-t jO.5)- (2- j3) = 1.5 + j3.5 = 3.808Z66.8° 

Forthe 40-V source, 

s = -Vi: = -(40) Q • (7 - j)] = -140 + j 20 VA 

Forthe eapacitor, 

S = |lJ'z^ = -j2S0VA 

For the resistor, 

S = 1 13 f R = 290 VA 

For the inductor, 

S^IiJ'Zl = jl30VA 

Forthe j50-V source, 

S = V i; = (j50)(2 + j3) = - 150 + j 100 VA 

PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pait 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher. or used beyond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou are using it without permission. 




Chapter 11, Problem 56. 


±i 

P® ML Obtain the complex power delivered by the souree in the eireuit of Fig. 11.75. 


2/30° A 


3 £ì j4 n 



Figure 11.75 
ForProb. 11.56. 


Chapter 11, Solutìon 56. 

-jl.8 
j2.2 


-j2 II 6 = ^-^ = 0.6 

6-j2 

3 + j4 + (-j2)||6 = 3.6 + 


The circuit is reduced to that shown below. 



3.6 + j2.2 

=5I„ =4.75Z47.08^ 

1 . 1 

s = - V, I> - • (4.75Z47.08^)(2Z - 30^) 

S = 4.75Z17.08^ = 4.543 + jl.396 VA 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the limited distríbution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou are using it without permission. 
























Chapter 11, Problem 57. 


±i 

P® ML For the circuit in Fig. 11.76, find thc avcragc, rcactivc, and complcx powcr 
dclivcrcd hy thc dcpcndcnt cuncnt sourcc. 


4 íì 1 2 0 



Figure 11.76 

ForProb. 11.57. 
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Chapter 11, Solution 57. 


Consider the circuit as shown below. 



2V„ 


At node o. 


24-V„ _V V„-V. 

4 1 -j 

24 = (5 + j4)V„-j4V. 


( 1 ) 


Atnode 1, 


V -V V 

^^ + 2V„=^ 

-J j2 

V^=(2-j4)V„ 


( 2 ) 


Suhstituting (2) into (1), 

24 = (5 + j4-j8-16)V„ 
-24 


V, = 


“ 11 +j4’ 


_ (-24)(2-j4) 
‘ Il-Hj4 


The voltage across the dependent souree is 

V,=V,+(2)(2VJ = %+4V„ 

-24 (.24)(6-j4) 

^ ll + j4 ^ ^ ll + j4 

s = ^v,r = tv,(2v:) 

(^ 24 ^^ ^ 576 ^ . 

11 +j4 11-j4 V137/ ■' ^ 

S = 25.23-jl6.82VA 
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Chapter 11, Problem 58. 


ML Obtain the complex power delivered to the lO-lcO resistor in Fig. 11.77 below. 



Figure 11.77 
ForProb. 11.58. 

Chapter 11, Solution 58. 

-j3 kíì jl kQ 



From the left portion of the eireuit, 


I 


o 


0.2 


201. =8 mA 


From the right poition of the circuit, 

( 16 x 10 -')' 


s = |ix| R = 

S = 51.2 mVA 


50 


7 


16 

—: mA 
-J 


(lOxlO') 
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Chapter 11, Problem 59. 

ML Calculate the reaetive power in the induetor and eapaeitor in the eireuit of Fig. 
11.78. 


240/0° V 


50 Q j3Q Q 



Figure 11.78 
ForProb. 11.59. 


Chapter 11, Solution 59. 

Let Vo represent the voltage aeross the cuiTent souree and then apply nodal 
analysis to the eireuit and we get: 


4 + - 


240-V 


50 -j20 40 + j30 

88=(0.36 + j0.38)V„ 

88 


V = 


0.36 + j0.38 


= 168.13Z-46.55= 


V 

1, =—^ = 8.41Z43.45° 

‘ -j20 

V 

1, = -—^ = 3.363Z - 83.42° 

" 40 + J30 

Reaetive power in the induetor is 

S = I 2 r Zl = ^• (3.363)^(j30) = jl69.65VAR 


Reactive power in the eapacitor is 

S = i|lJ^ z, = t• (8.41)^(-j20) = - j7Q7.3 VAR 
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Chapter 11, Problem 60. 


For the circuit in Fig. 11.79, fmd Yo and the input power factor. 


6/0° A rms i 




+ 



20 kW 

V 

16 kW 

0.8 pf lagging 

^ o 

0.9 pf lagging 



- 

_1 


Figure 11.79 
ForProb. 11.60. 

Chapter 11, Solution 60. 

20 

=20 + j-sm(cos'‘(0.8)) = 20 + jl5 

0.8 

16 

= 16 + j—sin(cos-' (0.9)) = 16 + j7.749 

S = S^+8^=36 + j22.749 = 42.585Z32.29^ 
But S = V,r=6V, 

s 

=- = 7.098Z32.29^ 

6 - 

pf = 008(32.29"^) = 0.8454 (lagging) 
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Chapter 11, Problem 61. 


Given the circuit in Fig. 11.80, find C and the overall complex power supplied. 


iOO/ 



Figure 11.80 
ForProb. 11.61. 
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Chapter 11, Solutìon 61. 

Consider the network shown below. 



5 2 =1.2-j0.8kVA 

4 

5 3 = 4 +j —sin(eos-'(0.9)) = 4 +jl.937 kVA 


Let 

But 


S,=S^+S, =5.2 + jl.l37kVA 



_ 2S, _ (2)(5.2 + jl.l37)xl0^ 
" V„ 100Z90° 

Ij = 22.74+ jl 04 


22.74-jl 04 


Similaily, 

But 


Jl 

Si = V 2 - j^^sinjcos'^ (0.707)) = V2(l - j) kVA 
1 

s.=-v„i: 


_ 2S| _ (2.8284-j2.8284)xl0^ 

^ jïÔÔ 

Ij = - 28.28+j28.28 


=-28.284-j28.284 


lo =Il +I 2 =-5.54+ il32.28 = 132.4Z92.4°A 


s =-vr 

o 2 0 0 


=--(100Z90^)(132.4Z-92.4^) VA 

S ^ = 6.62Z-2.4^ kVA 
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Chapter 11, Problem 62. 


For the circuit in Fig. 11.81, find V,v. 


0:2 0. j0.04 0 0.3 Í2 70.15 0 



Figure 11.81 

ForProb. 11.62. 
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Chapter 11, Solution 62. 

Consider the eircuit below. 


0.2+j0.04í2 I I2 0.3 + j0.15Q 



S 2 = 15 - j—sin(cos (0.8)) = 15 - jl 1.25 
0.8 

But Sj = V212 

_ S 2 _ 15-jll.25 

' V 2 120 

I 2 = 0.125+ j0.09375 

% =V2+l2(0.3 + j0.15) 

Vi = 120 + (0.125 + j0.09375)(0.3 + j0.15) 

% =120.02+ j0.0469 

S, = 10 + j ^ sin(cos-‘ (0.9)) = 10 + j4.843 

But s, =Vii; 

, S, 11.111Z25.84° 

I = — =- 

‘ Vj 120.02Z0.02° 

= 0.093Z - 25.82° = 0.0837 - j0.0405 
I = Ii+l2 = 0.2087+ j0.053 
V, =Vi+I(0.2 + j0.04) 

V, = (120.02 + j0.0469) + (0.2087 + j0.053)(0.2 + j0.04) 

V, =120.06+ j0.0658 

V, = 120.06Z0.03° V 
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Chapter 11, Problem 63. 


Find lo in the circuit of Fig. 11.82. 





Figure 11.82 
ForProb. 11.63. 


Chapter 11, Solutìon 63. 

Lct S^S^+S^+S^. 


s, = 12 - j^^sin(cos-^ (0.866)) = 12 - j6.929 


16 

= 16 +j-sin(cos-'(0.85)) = 16 +j9.916 

0.85 


S,-- 


( 20 )( 0 . 6 ) 


sin(cos'‘ (0.6) 


+ j20 = 15 + j20 


S = 43 + j22.987 = -Vi; 


^ ^ 2(43 + j22.99)xl0- ^ ^ ^ ^ 443.3Z28.13^ 

“ V 220 

I„ = 443.3Z-28.13°A 
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Chapter 11, Problem 64. 

Detennine C in the eireuit of Fig. 11.83, if the voltage souree supplies 2.5 kW and 0.4 
kVAR (leading). 




> 8Í2 


D 

c: 



3/12 a 


0 120 / 0 ! 


V 


Figure 11.83 

ForProb. 11.64. 


Chapter 11, Solution 64. 


I 2 



120Z0" V 


Is + l2 = I| orIs = I,-l2 


But, 


120 

II =- 

8 + jl2 

S = VI*- 


= 4.615-j6.923 

^ S 2500-j400 

-+I = — =- 

^ V 120 

or I 2 = 20.83+ j3.333 


20.83-j3.333 


Is = Ii - 12 = -16.22 -j 10.256 = 19.19Z-147.69° A . 
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Chapter 11, Problem 65. 


In the op amp circuit of Fig. 11.84, v.v = 4 cos ÌO^t V.--nonn-&] Find the average power 
delivered to the 50-kQ resistor. 


looicn 



50 kQ 


Figure 11.84 
ForProb. 11.65. 


Chapter 11, Solution 65. 


C = lnF 


■> 


1 

jcoC 


-j 

lO'xlO-' 


= -jl00kQ 


At the noninveiting teiminal, 

4Z0^-V V 


100 


■jlOO 


-> V, 




v„(t) = ^cos(l 0^-45°) 


4 

1 + j 


P 

P 


í— 

1 ] 

T ' ì 

U' 

'U 

V50xl0V 


= 80^W 


W 
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Chapter 11, Problem 66. 


Obtain the average power absorbed by the 6-kO resistor in the op amp circuit in Fig. 
11.85. 


2 kí2 j4 kí2 



Figure 11.85 

ForProb. 11.66. 


Chapter 11, Solutìon 66. 


As an inveiler, 


=• 


z. 


V = 


-(2 + j4) 
4 + j3 


(4Z45°) 


V,. ^ -(2 + j4)(4Z45°) . 

mA =-mA 


6-j2“ ‘ (6-j2)(4 + j3) 

The power absorbed by the 6-kD resistor is 
1 

P = - 
2 

P = 0.96 mW 


1 |2 1 

ÍV^xT 

I R = -- 

1 o| 2 

vVÏÔ X 5y 


X10-'X 6x10' 
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Chapter 11, Problem 67. 


For the op amp circuit in Fig. 11.86, calculate: 

(a) the complex power delivered by the voltage source 

(b) the average power dissipated in the 12-Q resistor 

10 Q 



Figure 11.86 

ForProb. 11.67. 
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Chapter 11, Solution 67. 


<y = 2, 3H -> jcoL = j6, O.IF -> - 

j(oC 

10//(-75)= =2-74 

10-75 

The frequency-domain version of the cireuit is shown helow. 


1 

72 .r 0.1 


-js 



8 + j6 8 + j6 

S = ^VJ\ = (0.3^20”)(0.06Z-t 16.87”) = 14.4-r 71 0.8mVA = 18Z36.86" mVA 


(b) V„ 


-—V^, I =^ = —^^-^^(0.6Z20") = 0.0224Z99.7" 

Z. Z 3 12(8 + 76 ) 

P = i I / J2 7Î = 0.5(0.0224)^(12) = 2.904 mW 
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Chapter 11, Problem 68. 


Compute the complex power supplied by the cunent source in the serìes RLC circuit in 
Fig. 11.87. 


R L 


4 cos lùt 



C 


Figure 11.87 
ForProb. 11.68. 


Chapter 11, Solution 68. 


Let 


s = s^+s,+s. 


where 


Sr - Pr + J’Qr - 2 ^ JO 


Sl ^Pl+J'Ql =0 + ^2^^"^ 
S.=P.+JQ.=0-J^I^^ 


Hence, 


s = -i^ 


R + j (oL — 

(oCJ 
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Chapter 11, Problem 69. 


Refer to the circuit shown in Fig. 11.88. 

(a) What is the power factor? 

(b) What is the average power dissipated? 

(c) What is the value of the capacitance that will give a unity power factor when 
connected to the load? 


120 V rms 
60 Hz 



Z = 10+jl2Q 


Figure 11.88 

ForProb. 11.69. 


Chapter 11, Solution 69. 

(a) Given that Z = 10 + jl 2 

12 


tan0 = 


10 


-+ 0 = 50.19'^ 


pf = COS0 = 0.6402 


(b) 


S = 


( 120 )" 


= 295.12+ j354.09 
2Z (2)(10-jl2) ■’ 

The average power absorbed = P = Re(S) = 295.1 W 


(e) For unity power factor, O^ = 0°, which implies that the reactive power due 
to the capacitor is = 354.09 


V" 1 
2X7=2“'"'' 


But = 

^ 2Q, (2)(354.09) 


coV' (2;i)(60)(120)' 


130.4 pF 
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Chapter 11, Problem 70. 

An 880-VA, 220-V, 50-Hz load has a power factor of 0.8 lagging. What value of parallel 
capacitance will coiTcct the load power factor to unity? 

Chapter 11, Solution 70. 

pf = cos0 = O.8 -> sin0 = O.6 

Q = Ssine = (880)(0.6) = 528 


If the power factor is to be unity, the reactive power due to the capacitor is 
=Q = 528 VAR 


But 

C = 


V" 1 
^ = -coCV^ 


(2)(528) 


(27i)(50)(220)' 


= 69.45 \ÌF 


C = 


2Q. 

coV^ 


Chapter 11, Problem 71. 

Three loads are connected in parallel to a 120^0"^ V iTns source. Load 1 absorbs 60 
kVAR at pf = 0.85 lagging, load 2 absorbs 90 kW and 50 kVAR leading, and load 3 
absorbs 100 kW at pf = 1. (a) Find the equivalent impedance. (b) Calculate the power 
factor of the parallel combination. (c) DeteiTnine the cuiTcnt supplied by the source. 


Chapter 11, Solution 71. 

(a) For load 1, 

Qi = 60 kVAR, pf = 0.85 or Oi = 31.79^ 

Qi = Si sinOi = 60k or Si = 113.89k and Pi = 113.89cos(31.79) = 96.8kW 

Si=96.8+j60kVA 

For load 2, S 2 = 90 - j50 kVA 

Forload3, S3=100kVA 

Hence, 

S = Si + S2 + S3 = 286.8 + j 10kVA = 287Z2°kVA 
But S = (V,n«)^/Z* or Z* = 120^/287Z2“k = 0.05017Z-2“ 

Thus, Z = Q.05Q17Z2°n oi 0.05014 + i0.Q017509n . 

(b) From above, pf = cos2° = 0.9994 . 

(c) Irms = Vrms/Z = 120/0.05017Z2° = 2.392Z-2 kA or 2.391 - iO.Q8348kA . 
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Chapter 11, Problem 72. 


Two loads connected in parallel draw a total of 2.4 kW at 0.8 pf lagging from a 120-V 
iTns, 60-Hz line. One load absorbs 1.5 kW at a 0.707 pf lagging. Deteimine: (a) the pf of 
the second load, (b) the parallel element required to conect the pf to 0.9 lagging for the 
two loads. 


Chapter 11, Solutìon 72. 

(a) P = Scosfí -> 5 = —^ = —= 3.0kVA 

cos(9i 0.8 

p/ = 0.8 = cos(9i -> (9i= 36.87" 

2 = 5sin(9, =3.0sm36.87" =1.8kVAR 
Hence, S = 2.4 + jl .8 kVA 
P 1 5 

S, = —^ ^— = 2.122 kVA 
cos(9 0.707 

7j/ = 0.707 = cos(9 -> (9 = 45" 

Ôi =/î =1.5kVAR -> S, =1.5 +jl.5kVA 

Since, 5 = S, + S 2 -> = S-S, = (2.4 +jl.8)-(1.5 +jl.5) = 0.9 + 7 O .3 kVA 

5^=0.9497 <18.43" 
pf=cos 18.43“ = 0.9487 

(b) pf = 0.9 = cosO^ -> (9^=25.84" 

^ _ P(tarì0^ _ 2400(tan36.87-tan25.84) ^ P 

íyVl ~ 2;rx60jc(120)" “- 
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Chapter 11, Problem 73. 


A 240-V iTns 60-Hz supply sei'ves a load that is 10 kW (resistive), 15 kVAR (capacitive), 
and 22 kVAR (inductive). Find: 

(a) the apparent power 

(b) the cuiTent drawn ftom the supply 

(c) the kVAR rating and capacitance required to improve the power factor to 0.96 lagging 

(d) the cuiTent drawn from the supply under the new power-factor conditions 


Chapter 11, Solution 73. 

(a) S = 10-jl5 + j22 = 10 + j7kVA 

S = ISI = Vl0'+7' = 12.21 kVA 


(b) S = V1* 


, S 10,000+ j7,QQQ 
“ V “ 24Ô 


1 = 41.667 - j29.167 = 50.86Z-35'" A 


(c) 



Oj =cos-‘(0.96) = 16.26“" 


= P[ [tan0[ —tanGj ] = 10[tan(35°)-tan(16.26°)] 

Q, = 4.083 kVAR 


C = 



4083 

(27i)(60)(240)' 


188.03 yiF 


(d) S,=P,+jQ,, P,=P[=10kW 

Q 2 =Qi-Qc =7-4.083 = 2.917 kVAR 


Sj =10 + j2.917kVA 
But S2=vi; 

, S, 10,000+ j2917 

^ ~ V ~ 240 

I 2 =41.667-jl2.154 = 43.4Z-16.26° A 
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Chapter 11, Problem 74. 

A 120-V iTns 60-Hz source supplies two loads eonneeted in parallel, as shown in Fig. 
11.89. 

(a) Find the power faetor of the parallel eombination. 

(b) Calculate the value of the eapacitance connected in parallel that will raise the power 
factor to unity. 



Figure 11.89 
ForProb. 11.74. 


Chapter 11, Solutìon 74. 

(a) =cos-'(0.8) = 36.87^ 

P. 24 

S, = —^ = — = 30 kVA 

cosGj 0.8 

Qi = Sj sinG, = (30)(0.6) = 18 kVAR 
S, =24 + jl8kVA 


02 =cos-‘(0.95) = 18.19° 


s = —^ 

^ COS0, 


40 

0.95 


■ = 42.105kVA 


Q 2 ^SjSÌnGj = 13.144 kVAR 
Sj =40 + jl3.144kVA 


S = S,+S2 =64 + j31.144kVA 
''31.144'! 


0 = tan‘ 


64 ; 

pf = cos0= 0.8992 


= 25.95° 


(b) 02=25.95°, 0, =0° 


Q, = P [ tan02 - tan 0, ] = 64[ tan(25.95°) - 0] = 31.144 kVAR 
Qc 31,144 


C 


coVl (23t)(60)(120)^ 


5.74 mF 
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Chapter 11, Problem 75. 


Consider the power system shown in Fig. 11.90. Calculate: 

(a) the total complex power 

(b) the power factor 


240 V rms, 50 Hz 
o - 


80-750 0 


120+7700 


60 + 7O 


Figure 11.90 

ForProb. 11.75. 

Chapter 11, Solution 75. 


V (240)' 5760 

(a) S, = ^ ' = -—- = 517.75-j323.59VA 

^ ^ z 80 + J50 8 + j5 •’ 


(240)" 5760 

S, =-^-^ = -= 358.13 + j208.91 VA 

" 120-J70 12-j7 •’ 


(240)" 


S = S^+S2 +S3 = 1835.9-jll4.68VA 


,, 114.68 , 

(b) 0 = tan-' - = 3.574 

^ ^ V1835.88. 

pf = cosO = 0.998 {leading} 


(c) Since the circuit already has a leading power factor, near unity, no 
compensation is necessaiy. 
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Chapter 11, Problem 76. 


Obtain the wattmeter reading of the circuit in Fig. 11.91. 


4 0 



Figure 11.91 

ForProb. 11.76. 


Chapter 11, Solution 76. 

The wattmeter reads the real power supplied by the cuirent source. Consider the 
circuit below. 



3Z30° A 


3Z30^ + - 


12-V. 

4-j3 


V V 

—+ — 

j2 8 


V„ = 


36.14+ j23.52 
2.28-j3.04 


= 0.7547 + jl 1.322 = 11.347 Z86.19° 


1 . 1 

S = -V„ I„ = 2 ■ (1 1-347Z86.19°)(3Z - 30°) 
S = 17.021Z56.19° 


P = Re(S) = 9.471 W 
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Chapter 11, Problem 77. 


What is the reading of the wattmeter in the network of Fig. 11.92? 



15 £1 


Figure 11.92 
ForProh. 11.77. 


Chapter 11, Solution 77. 


The wattmeter measures the power absorbed by the parallel eomhination of 0.1 F 
and 150 íì. 

120cos(2t) -> 120Z0°, (0 = 2 


4H 
0.1 F 


» jcoL = j8 
1 

= -j5 


jcoC 

Consider the following circuit. 


6 Q j8 I 



Z = 15||(-j5) = 


(15)(-j5) 
15-j5 


1.5-j4.5 


_no_ 

(6-rj8) + (1.5-j4.5) 


14.5Z-25.02° 


S = ^Vr=^|l|'z = ^-(l 4.5) ^(1.5- j4.5) 

S = 157.69-j473.06VA 
The wattmeter reads 

P = Re(S) = 157.69 W 
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Chapter 11, Problem 78. 

Find the wattmeter reading of the eircuit shown in Fig. 11.93. 


20 cos 41 V 


10 



- 

— nnrp- 


± 


5Q 1 H 
■AAAA^ — 'IIT'- 

4Q 



Figure 11.93 
ForProb. 11.78. 


Chapter 11, Solution 78. 


The wattmeter reads the power absorbed by the element to its right side. 

2cos(4t) -> 2Z0°, cû = 4 

IH -> jcoL = j4 

1 


1 

— F 
12 


jcoC 

Consider the following eireuit. 


= -j3 


10 Q I 



Z = 5 + j4+4||-j3 = 5 + j4 + 
Z = 6.44 + j2.08 

20 


(4)(-j3) 

4-j3 


1 = 


16.44 + j2.08 


■ = 1.207Z-7.2L 


1 


1 


S = -I Z =--(1.207)^(6.44 + ^2.08) 


P = Re(S) = 4.691 W 
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Chapter 11, Problem 79. 


DeteiTtiine the wattmeter reading of the eircuit in Fig. 11.94. 


10 cosiOO/ 


20 £1 



Figure 11.94 

ForProb. 11.79. 
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Chapter 11, Solution 79. 


The wattmeter reads the power supplied by the souree and paitly absorbed by the 40-Q 
resistor. 

co = 100, 

lOmH -> 1100x10x10“^ =j, 500pF -> — =-i-r = -j20 

j®C jl 00x500x10“^ 

The fi'equency-domain circuit is shown bclow. 


20 I„ 



Atnodc 1, 

lO-Vl .1 , V1-V2 , V1-V2 3 (Vi-V 2 ) ^ V1-V2 _^ 

40 ° j 20 20 j (1) 

10 = (7-j40)Vi+(-6 + j40)V2 

At nodc 2, 
y _y y -y y 

+ = —=- -> 0 = (20 + j)V,-(19+;jV (2) 

Solving (1) and (2) yields Vi = 1.5568 -j4.1405 

1= lO-Vj ^o2iii + jo.io35 S = tvil* =-0.04993-j0.5176 
40 1 

P = Re(S) = 50 mW. 
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Chapter 11, Problem 80. 

The circuit of Fig. 11.95 poitiays a wattmctcr conncctcd into an ac nctwork. 

(a) Find thc load cuiTcnt. 

(b) Calculatc thc wattmctcr rcading. 



Figure 11.95 
ForProb. 11.80. 


Chapter 11, Solution 80. 

(a) 

V 110 

1 = — = — = 17.19 A 

Z 6.4 

(b) 

W (110)' 

S =-= Att- = 1890.625 

Z 6.4 


cose = pf = 0.825 -> 0 = 34.41^ 

P = ScosO = 1559.76 = 1.6 kW 


Chapter 11, Problem 81. 

A 120-V ims, 60-Hz clcctric hair diycr consumcs 600 W at a lagging pf of 0.92. 
Calculatc thc ims-valucd cuiTcnt drawn by thc diycr. 

Chapter 11, Solutìon 81. 

P = 600W, /7/= 0.92 -> 6> = 23.074" 

P = Scosd -> S =-^ = 652.17 VA 

0.92 

S = P+jQ = 600 +j652.17sin23.09° = 600 +j255.6 
But S=V í . 

rrns rms 

_ 5 _ 600+7255.6 


Irms = 5 - j2.13 = 5.435Z-23.07°A . 
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Chapter 11, Problem 82. 


A 240-V mis 60-Hz source supplies a parallel combination of a 5-kW heater and a 30- 
kVA induction motor whose power factor is 0.82. Deteimine: 

(a) the system apparent power 

(b) the system reactive power 

(c) the kVA rating of a capacitor required to adjust the system power factor to 0.9 lagging 

(d) the value of the capacitor required 


Chapter 11, Solutìon 82. 


(a) P, = 5,000, 2, = 0 


= 30,000x0.82 = 24,600, = 30,000sin(cos“' 0.82) = 17,171 

S = Si +S2 =(Pi +P2) + j(Qi +Q2) = 29,600+ jl7,171 
S =1 S 1= 34.22 kVA 
(b) Q = 17.171 kVAR 


P 29,600 
5 34,220 


0.865 


Q^ =P(tan0| -tanO^) 

= 29,60o[tan(cos“* 0.865) - tan(cos“^ 0.9)]= 2833 VAR 


(»;) 



2833 

2;rï60.ï240' 


130.46//F 
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Chapter 11, Problem 83. 

Oscilloscope measurements indicate that the voltage across a load and the cuiTent through 
it are, respectively, ^IOZÓO'^V and 8^25"^ A. Deteimine: 

(a) the real power 

(b) the apparent power 

(c) the reactive power 

(d) the power factor 


Chapter 11, Solution 83. 

(a) s=-vr = t(210Z60")(8Z-25") = 840Z35” 

P = 5cos6» = 840cos35" = 688.1 W 

(b) S = 840 VA 

(c) O = 5sin6> = 840sin35" = 481.8VAR 

(d) pf = P/S = cos35" =0.8191 (lagging) 


Chapter 11, Problem 84. 

eOd 

A consumer has an annual consumption of 1200 MWh with a maximum demand of 2.4 
MVA. The maximum demand charge is $30 per kVA per annum, and the energy charge 
per kWh is 4 cents. 

(a) Detennine the annual cost of energy. 

(b) Calculate the charge per kWh with a flat-rate taríff if the revenue to the utility 
company is to remain the same as for the two-pait taríff. 

Chapter 11, Solutìon 84. 

(a) Maximum demand charge = 2,400 x 30 = $72,000 
Energy cost= $0.04 x 1,200 x lO^ = $48,000 
Total charge =$120,000 


(b) To obtain $120,000 from 1,200 MWh will require a flat rate of 

$ 120,000 , ^ 

1200x10^ kWh = $0.10 perkWh 
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Chapter 11, Problem 85. 


A regular household system of a single-phase three-wire circuit allows the operation of 
both 120-V and 240-V, 60-Hz appliances. The household circuit is modeled as shown in 
Fig. 11.96. Calculate: 


(a) the cuirents Ii, I 2 , and I„ 

(b) the total complex power supplied 

(c) the overall power factor of the circuit 





Figure 11.96 
ForProb. 11.85. 
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Chapter 11, Solutìon 85. 


(a) 15mH -> j2m60H 5x10^^ = 75.655 

We apply mesh analysis as shown helow. 


> Ii 



For mesh x, 

120= lOIx - lOIz (1) 

For meshy, 

120 = (10+j5.655)Iy - (10+j5.655)Iz (2) 

For mesh z, 

0 = -10 Ix-(10+j5.655) Iy + (50+j5.655) Iz (3) 

Solving (1) to (3) gives 

Ix=20, Iy=17.09-j5.142,Iz=8 
Thus, 

Ii =Ix = 20 A 

l2=-Iy=-17.09+j5.142= 17.85Z163.26" A 
In =Iy - Ix = -2.91 -j5.142 = 5.907Z-119.5" A 

(b)^ = (120)I*x =120x20 = 2400, = (120)1% = 2051+ j617 

S = s7 + ^ = 4451 + j617VA 


(c) pf=P/S = 4451/4494 = 0.9904 tlaggingl 
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Chapter 11, Problem 86. 

A tiansmitter delivers maximum power to an antenna when the antenna is adjusted to 
represent a load of 75- Q resistance in seríes with an inductance of 4 // H. If the 
transmitter operates at 4.12 MHz, find its intemal impedance. 

Chapter 11, Solution 86. 

For maximum power tiansfer 

“ ^Th ^ “ ^Th “ 

Zl = R + jcoL = 75 + j (2;t)(4. 12 x 10' )(4 x 1 Q-' ) 

Zl =75 +jl 03.55 Q 

Zj = 75-jl03.55 0 


Chapter 11, Problem 87. 


In a TV transmitter, a seríes circuit has an impedance of 3kQ and a total cuirent of 
50 mA. If the voltage across the resistor is 80 V, what is the power factor of the circuit? 


Chapter 11, Solution 87. 



Z = R + jX 




Vr 

80 

+ 

II 

R = —= 

-r = 1.6kí2 


I 

50x10 

Z‘=R"+X" - 

-> X’ 

= Z ‘ -R" =(3)" 

X = 2.5377 kQ 



^ /x^ 

/2.5377 


0 = tan'^ — = tan' 

— 

= 57.77° 

vrJ 

V 1.6 J 



pf = cosO = 0.5333 
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Chapter 11, Problem 88. 


A certain electronic circuit is connected to a 110-V ac line. The root-mean-square value 
of the current drawn is 2 A, with a phase angle of 55'’. 

(a) Find the true power drawn by the circuit. 

(b) Calculate the apparent power. 

Chapter 11, Solution 88. 

(a) S = (110)(2Z55'^) = 220^55^^ 

P = ScosO = 22000^(55^^) = 126.2 W 


(b) S= S = 220VA 


Chapter 11, Problem 89. 

eCd 

An industrial heater has a nameplate that reads: 210 V 60 Hz 12 kVA 0.78 pf lagging 
Determine: 

(a) the apparent and the complex power 

(b) the impedance of the heater 


Chapter 11, Solution 89. 


(a) Apparent power= S = 12 kVA 

P = ScosO = (12)(0.78) = 9.36 kW 
Q = SsinO = 12sin(cos-'(0.78)) = 7.51 kVAR 

S = P + jQ = 9.36 + j7.51 kVA 


(b) 




( 210 )^ 

(9.36 + j7.51)xl0' 


2.866-j2.3 


Z = 2.866 + i2.3 fì 
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Chapter 11, Problem 90. 

* e€id A 2000-kW turbine-generator of 0.85 power factor operates at the rated load. An 
additional load of 300 kW at 0.8 power factor is added.What kVAR of capacitors is 
required to operate the turbine-generator but keep it ífom being overloaded? 


* An asterisk indicates a challenging problem. 


Chapter 11, Solution 90 

Original load: 

=2000kW, cosO^ =0.85 
P, 

S, =—2352.94 kVA 
cosO^ 

=S^sine^ = 1239.5 kVAR 

Additional load: 


Total load: 


P2 

S2 


300 kW, cos0j=O.8 

P2 

—— = 375 kVA 

COS02 


Q 2 = Sj sin02 = 225 kVAR 


s - Sj +S2 - (P, +^2) +j(Qi + Q2) 


+ 01=31.79° 


+ 02 =36.87° 


= P + jQ 


P = 2000+ 300 = 2300 kW 
Q = 1239.5 + 225 = 1464.5 kVAR 


The minimum operating pf for a 2300 kW load and not exceeding the kVA rating of the 
generator is 


P 

cosO = — 

S, 


2300 

2352.94 


0.9775 


or 0 = 12.177° 


The maximum load kVAR for this condition is 

Q„ =S,sine=2352.94sin(12.177°) 

Q,^^ = 496.313 kVAR 

The capacitor must supply the difference between the total load kVAR (i.e. Q ) and the 
permissible generator kVAR (i.e. Q,^.,). Thus, 

Qc=Q-Qm= 968.2 kVAR 
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Chapter 11, Problem 91. 

The nameplate of an electric motor has the following information: 

Line voltage: 220 V rms 
Line current: 15 A rms 
Line frequency: 60 Hz 
Power: 2700 W 

Determine the power factor (lagging) of the motor. Find the value of the capacitance C 
that must be connected across the motor to raise the pf to unity. 


Chapter 11, Solution 91 

Original load : 

=2000kW, 


S,= 


COS0, 


cosGj = 0.85 
= 2352.94 kVA 


Q, =SiSÌne, = 1239.5 kVAR 
Additional load : 


P, =300kW, 


cosO, = 0.8 


01=31.79° 


0, =36.87° 


Total load: 


cosO, 


: 375 kVA 


Qj = Sj sinOj = 225 kVAR 

S = Si-fS, = (P,-tP,) + j(Qi + Q,) = P + jQ 
P = 2000+ 300 = 2300 kW 
Q = 1239.5 + 225 = 1464.5 kVAR 


The minimum operating pf for a 2300 kW load and not exceeding the kVA rating of the 
generator is 

P 2300 

cosO = — = = 0.9775 

S, 2352.94 


or 


0 = 12.177° 


The maximum load kVAR for this condition is 

Q„, =S,sine=2352.94sin(12.177°) 

Q„, = 496.313 kVAR 

The capacitor must supply the difference between the total load kVAR (i.e. Q ) and the 
permissible generator kVAR (i.e. Q„,). Thus, 

Qc=Q-Q„, =968.2 kVAR 
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Chapter ll, Problem 92. 

As shown in Fig. 11.97, a 550-V feeder line supplies an industrial plant consisting of a 
motor drawing 60 kW at 0.75 pf (inductive), a capacitor with a rating of 20 kVAR, and 
lighting drawing 20 kW. 

(a) -Calculate the total reactive power and apparent power absorbed by the plant. 

(b) Determine the overall pf. 

(c) Find the current in the feeder line. 


550 V 




60 kW 
pf=0.75 


20 kVAR 


20 kW 


Figure 11.97 

ForProb. 11.92. 


Chapter 11, Solutìon 92 


(a) 


Apparent power drawn by the motor is 


S,„ 

Q,. 


jp _^ 

COS0 0.75 


= 80 kVA 

V(80)' - (60)" = 52.915 kVAR 


Total real power 

P = + Pl = 60 + 0 + 20 = 80 kW 


Total reactive power 

Q = = 52.915-20+0= 32.91 kVAR 


Total apparent power 

s = Vp' + Q' = 86.51 kVA 


(b) 



80 

86.51 


0.9248 


(c) 


S 86510 
V" 550 


157.3 A 
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Chapter 11, Problem 93. 

A factory has the tbllowing tbur major loads: 

• A motor rated at 5 hp, 0.8 pf lagging 
(1 hp = 0.7457 kW). 

• A heater rated at 1.2 kW, 1.0 pf. 

• Ten 120-W lightbulbs. 

• A synchronous motor rated at 1.6 kVAR, 0.6 pf leading. 

(a) Calculate the total real and reactive power. 

(b) Find the overall power factor. 


Chapter 11, Solution 93 

(a) P, = (5)(0.7457) = 3.7285 kW 
P. 3.7285 

s. = 4: = —— = 4.661 kVA 
‘ pf 0.8 

Qi = Sj sm(cos-‘(0.8)) = 2.796 kVAR 
S, = 3.7285+ j2.796kVA 


P2=1.2kW, Qj^OVAR 

5 2 =1.2 + j0kVA 

P 3 = (10)(120) = 1.2 kW, Q 3 = 0 VAR 

5 3 =1.2 + j0kVA 

Q4=1.6kVAR, 00 ^ 64 = 0.6 -> sin04=O.8 



P 4 = S 4 cosO^ = (2)(0.6) = 1.2 kW 
S 4 =1.2-jl.6kVA 


S = S,+S2+S3+S4 
S = 7.3285+ jl.l96 kVA 

Total real power = 7.328 kW 
Total reactive power = 1.196 kVAR 


(b) 


0 = tan'^ 


1.196 

7.3285 


92T 


pf = cosO = 0.987 
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Chapter 11, Problem 94. 


e<îid A 1 -MVA substation operates at full load at 0.7 power factor. It is desired to 
improve the power factor to 0.95 by installing capacitors. Assume that new substation 
and distribution facilities cost $120 per kVA installed, and capacitors cost $30 per kVA 
installed. 

(a) Calculate the cost of capacitors needed. 

(b) Find the savings in substation capacity released. 

(c) Are capacitors economical for releasing the amount of substation capacity? 
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Chapter 11, Solutìon 94 

cose^=0.7 -> 0^=45.57^ 

=lMVA = 1000kVA 
P, =S,cose, =700kW 
=S,sine^ =714.14 kVAR 


For improved pf, 

cos02 = 0.95 -> 

= 700 kW 
700 

S =—-— =-= 

^ cosO^ 0.95 


0 , = 18 . 19 ^ 

736.84 kVA 


Q 2 = S 2 sinO^ = 230.08 kVAR 


Pi = P 2 = 700 kW 



(a) Reactive power across the capacitor 

Q^ =Q^-Q^ =714.14-230.08 = 484.06 kVAR 

Cost of installing capacitors = $30 x 484.06 = $14,521.80 


(b) Substation capacity released = S^ - S^ 

= 1000-736.84 = 263.16 kVA 

Saving in cost of substation and distribution facilities 
= $120x263.16 = $31,579.20 


(c) Yes . because (a) is greater than (b). Additional system capacity obtained 
by using capacitors costs only 46% as much as new substation and 
distribution facilities. 
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Chapter 11, Problem 95. 

e0d A coupling capacitor is used to block dc current from an amplifier as shown in Fig. 
11.98(a). The amplifier and the capacitor act as the source, while the speaher is the load 
as in Fig. 11.98(b). 

(a) At what frequency is maximum power transferred to the speaker? 

(b) If V,, = 4.6 V rms, how much power is delivered to the speaker at that frequency? 


Amplifier 




Amplifier 


(b) 


Figure 11.98 
ForProb. 11.95. 


Speaker 


Chapter 11, Solutìon 95 

(a) Source impedance 

Load impedance 


z.,=R,-jx, 

j^2 


For maximum load transfer 


Zl=z: 


^ X^=X, 


X =x, 


or 


co = 




-= coL 

coC 


= 2nf 


f =-^ =- , = 2.814 kHz 

2n VLC 2n ^(80 x 10'' )(40 x 10'") - 


(b) 



(10 + 4) 

V y 



431.8 mW 


(since is in rms) 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei-ved. No p art 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou are using it without permission. 































Chapter 11, Problem 96. 

A power amplifier has an output impedance of 40 + 78 Q It produces a no-load 
output voltage of 146 V at 300 Hz. 


(a) Determine the impedance of the load that achieves maximum power transfer. 

(b) Calculate the load power under this matching condition. 


Chapter 11, Solutìon 96 


Zxh 



(a) Vth=146V, 300 Hz 

= 40 + j8 


Z,=z;=40-j8Q 


(b) 


P = 


V, 


8R. 


(146)^ 

(8)(40) 


66.61 W 
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Chapter 11, Problem 97. 

A power transmission system is modeled as shown in Fig. 11.99. If V.v = 240 Z 0*" rms, 
find the average power absorbed by the load. 


0.1 a j \ n 



Figure 11.99 

ForProb. 11.97. 


Chapter 11, Solution 97 


Zt = (2 )(0.1 + j) + (100 + j20) = 100.2 + j22 Q 


V, 240 

Zrp 100.2 + j22 

P = |i|'r^^ =ioo|i|' 


(100)(240)^ 
( 100 . 2 )" +( 22 )" 


= 547.3 W 
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Chapter 12 , Problem 1. 

If Va/, = 400 V in a balanced Y-connected three-phase generator, fínd the phase voltages, 
assuming the phase sequence is: 

(a) abc (b) acb 

Chapter 12, Solutíon 1. 


(a) If =400,then 
400 


V,„ = -^ z - 30° = 231Z - 30° V 

Vs - 

V,„ = 231Z-150°V 


V,, = 231Z-270°V 


(b) For the acb sequence, 


V.,=V„,,-V,„=VpZ0°-V^Z120° 


V = V 


1 Vs' 

2 


= V„V3Z-30° 


i.e. in the acb sequence, lags by 30"". 
Henee, if V^^^ = 400, then 


V., 

v,„ 


400 

VI 


Z30°=231Z30°V 


231Z150° V 


V„ =231Z-90°V 


Chapter 12, Problem 2. 

What is the phase sequence of a balanced three-phase circuit for which Va„ = 160 Z30° V 
and V,„ = 160 Z - 90° V? Find V/,„. 


Chapter 12, Solutìon 2. 

Since phase c lags phase a by 120°, this is an acb seauence . 
Vb„ = 160Z(30°-t 120°) = 160Z150° V 
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Chapter 12, Problem 3. 

Detemiine the phase sequenee of a balaneed three-phase circuit in whieh 
= 208 Z130^ V and = 208 ZIO^ V. Obtain V«,. 

Chapter 12, Solutìon 3. 

Since Vi^,^ leads V^,^ by 120"^, this is an abc seguence . 


V,,^ = 208Z(130^ + 120^) = 208Z250^ V 


Chapter 12, Problem 4. 

A three-phase system with abc sequenee and Vi = 200 V feeds a Y-eonneeted load with 
Zi = 40 Z^O'^Q . Find the line cuiTents. 


Chapter 12, Solution 4. 

=200 = ^/3F„ 



200 

200 < 0 " 
^/3jc40<30" 


= 2.887 <-30" A 


h=I,< -120" = 2.887 <-150" A 
/, = /„ < +120" = 2.887 < 90" A 


Chapter 12, Problem 5. 

For a Y-eonneeted load, the time-domain expressions for three line-to-neutral voltages at 
the teiTninals are: 

150cos(^/ + 32") V 
VsA = 150cos(íu/-88^) V 
v,w=150eos(íy/+152")V 

Write the time-domain expressions for the line-to-line voltages v^a, Vbc, and Vca • 

Chapter 12, Solutìon 5. 

Vab = < 30" = V3a:150 < 32" + 30" = 260 < 62" 

Thus, 

v ^5 = 260 cos(íy/ + 62"') V 

Using abc sequenee, 

v^^, = 260eos(<5;/-58'') V 

v^,^ =260eos((^í/ + 182'') V 
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Chapter 12, Problem 6. 


For the Y-Y circuit of Fig. 12.41, find the line cunents, the line voltages, and the load 
voltages. 


220/0" V 

220 /-120° V 


220 /120° V 


A 10 o jsn 
—o — VWV —— 


B 10 íí J5 Q 
-o — ww — N 


c 10 O 75 0 
-o — vwv — nnnp — 


Figure 12.41 

ForProb. 12.6. 

Chapter 12, Solutìon 6. 

Zy =10 + j5 = 11.18Z26.56^ 


The line cuiTents are 


V. 

z. 


220Z0° 

11.18Z26.56° 


19.68Z - 26.56° A 


I„ = I Z -120° = 19.68Z -146.56° A 


I, = I . Z120° = 19.68Z93.44° A 


The line voltages are 

Vab = 220 V 3 Z30° = 381Z30° V 
= 381Z - 90° V 
V,, = 381Z-210°V 


The load voltages are 

V,^=I,Z^=V,, = 220Z0°V 

Vb^=V„, = 220Z-120°V 
V,^=V,„ = 220Z120°V 
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Chapter 12, Problem 7. 


Obtain the line cuiTents in the three-phase circuit of Fig. 12.42 on the next page. 


I. ^4 



Figure 12.42 

ForProb. 12.7. 


Chapter 12, Solutìon 7. 


This is a balanced Y-Y system. 



Zy = 6 — j8 Q 


Using the per-phase circuit shown above, 


I 


a 


440 Z0° 

6-j8 


44ZS3.13° A 


I, =I^Z -120°= 44Z-66.87^ A 
= I^Z120° = 44Z173.13° A 
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Chapter 12, Problem 8. 


In a balanced three-phase Y-Y system, the souree is an abc sequence of voltages and 
= 100 Z20° V ims. The line impedance per phase is 0.6 + yi.2 Q , while the per-phase 
impedanee of the load is 10 +7T4 . Caleulate the line euirents and the load voltages. 


Chapter 12, Solutìon 8. 

Consider the per phase equivalent cireuit shown below. 

Z/ 





100 < 20 ^^ 
10.6 + yi5.2 


5.396Z-35.1° A 


/,=/,<-120^^= 5.396Z-155.1° A 
7. =/^<+120^^= 5.396Z84.9° A 
=/^Z, =(4.4141-y3.1033)(10 + ;14)= 92.83Z19.35° A 
Vih = Via < = 92.83Z-100.65° A 

Vlc = V^a < +120^^ = 92.83Z139.35° A 
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Chapter 12, Problem 9. 


A balanced Y-Y four-wire system has phase voltages 
=120Z0^ =120Z-120^ 

V,,^ =120Z120^V 

The load impedance per phase is 19 + 7 13 Q, and the line impedance per phase is 
1+72 Q. Solve for the line cuiTents and neutral cuiTent. 


Chapter 12, Solutìon 9. 

V.,. 120Z0^ 


Z^+Zy 20 + jl5 


= 4.8Z-36.87^ A 


I, = I,Z -120^ = 4.8Z -156.87^ A 


I, =I,Z120" = 4.8Z83.13‘^A 


As a balanced system, = 0 A 
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Chapter 12, Problem 10. 


For the circuit in Fig. 12.43, detennine the cunent in the neutral line. 


21i 



Figure 12.43 
ForProb. 12.10. 


Chapter 12, Solution 10. 

Sinee the neutral line is present, we ean solve this prohlem on a per-phase basis. 
For phase a. 


220Z0° 


220 


Za+ 2 27-jlO 28.79Z-20.32= 


: 7.642Z20.32° 


For phase b, 


For phase e. 


220Z-120° 


Zg+2 22 


= 10Z-120° 


^ 220Z120» ^ 220Z120» ^ 
Zc+2 12 + j5 13Z22.62° 


The cuiTent in the neuti al line is 

I„=-(I,+I,+IJor-I„=I,+I,+I, 


- Ifl = (7.166 + j2.654) + (-5 - j8.667) + (-2.173 + jl6.783) 
I„ = 0.007 - ilO.77 = 10.77Z90°A 
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Chapter 12, Problem 11. 


In the Y- A system shown in Fig. 12.44, the souree is a positive sequence with 
\ 120 Z0° V and phase impedance Z^,= 2 -j3 Q. Calculate the line voltage \ l and 

the line cuirent I 



Figure 12.44 

ForProb. 12.11. 


Chapter 12, Solutìon 11. 


Vab - < 30" - n/3(120) < 30" 

=1 1= yíïxllO = 207.85 V 

, V.B ^/3r,<30" 


r 3F < 0' 

4 =/,,^/ 3 <- 30 "=-^ 
2-/3 

=U,. 1= 99.846 A 


3.X120 

2-73 


55.385 + 783.07 
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Chapter 12, Problem 12. 


Solve for the line euirents in the Y-A eircuit of Fig. 12.45. Take = 60Z45^Q. 



Figure 12.45 

ForProb. 12.12. 


Chapter 12, Solution 12. 

Conveil the delta-load to a wye-load and apply per-phase analysis. 


IIOZO^ 



Zy 


Zv = —= 20Z45^Q 


r 

I. 

r 


110Z0° 

20 ^ 45 ^= 


■= 5.5Z-45°A 


I.,Z-120°= 5.5Z-165°A 


I,,Z120°=5.5Z75‘=’A 
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Chapter 12, Problem 13. 


ii 

ps ML In the balanced three-phase Y-A system in Fig. 12.46, find the line eurrent 
and the average power delivered to the load. 


110/0° Vrnis 


2Í2 

-AAAA^ 


110 /-120° Vnns 

- 0) - vwv- 


T 


II0 /120° Vrms 

-^3 — 


2Í1 

-AAAAr- 


9-/6 Q 


9-76 Q 


9-/60 


Figure 12.46 

ForProb. 12.13. 
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Chapter 12, Solution 13. 


Convert the delta load to wye as shown helow. 



We eonsider the single phase equivalent shown below. 


2Q 



I, = —— = 20.4265 < 21.8" 

2+3-72 

J, =|7J= 20.43A 

S = 3|IJZy = 3(20.43)j3-j2) = 4514Z-33.96° = 3744 - j2522 

P = RetSl = 3744 W . 
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Chapter 12, Problem 14. 



P® Obtain the line euirents in the three-phase eireuit of Fig. 12.47 on the next page. 


1 + /2 Q 



Figure 12.47 

ForProb. 12.14. 
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Chapter 12, Solution 14. 

We apply mesh analysis. 



-100+ 100^120"+/,(14 + jl6)-(l + 72)7 j-( 12 + yU)/^ =0 
or 

(14 + yi6)/, -(1 + j 2 ) I ^ -(12 + yi2)/3 =100 + 50-y86.6 = 150-;86.6 (1) 

For mesh 2 , 

100Z120" -100^-120" -/,(1 + y2)-(12 + j\l)I^+{\A + j\6)I^=0 
or 

-(1 + 72)/, +(14 + j\6)I^ -(12 + j12)/3 =-50- 786.6 + 50-j 86.6 =-jl73.2 (2) 
For mesh 3, 

- (12 + 712 )/, - (12 + 7 l 2)/3 + (36 + 736)/3 = 0 (3) 

Solving (1) to (3) gives 

/,=-3.161-719.3, /2 =-10.098-716.749, /3 =-4.4197-7I2.OI6 

/,^ = /, = 19.58^-99.3" A 

hB =h-h= 7.392Z159.8" A 

= -h = 19.56Z58.91" A 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher, or used bevond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without permission. 








Chapter 12, Problem 15. 

ps The circuit in Fig. 12.48 is excited by a balanced three-phase source with a line 
voltage of 210 V. If Z/ = 1 +yi = 24 -ySOQ, and Zy= 12 +j5 , detemiine the 

magnitude of the line cuirent of the combined loads. 


Z/ Zj. 



Figure 12.48 

ForProb. 12.15. 

Chapter 12, Solutìon 15. 

Conveil the delta load, Z^ , to its equivalent wye load. 

ZY,=^ = 8-jlO 


Zp - Zy II Zy^ 


(12 + j5X8-jlO) 


20-j5 


Z„ = 7.812-j2.047 

P 


8.076Z-14.68° 


Zy = Zj,+Zl = 8.812-jl.047 
Zy =8.874Z-6.78° 


We now use the per-phase equivalent eireuit. 


Vp 

Zp+Z,’ 


where 




_ 210 


210 

V3(8.874Z-6.78°) 


13.66Z6.78° 


= 11J = 13.66 A 
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Chapter 12, Problem 16. 


A balanced delta-connected load has a phase current 1^^ = 10 Z - 30° A. 

(a) Determine the three line currents assuming that the circuit operates in the positive 
phase sequence. 

(b) Calculate the load impedance if the line voltage is = 110 Z0° V. 


Chapter 12, Solutìon 16. 


(a) IcA =10Z(-30° + 180°) = 10Z150° 

This implies that 

I^=10Z30° 

Ibc =10Z-90° 


la = Iab ^ - 30° = 17.32Z0° A 
I, = 17.32Z-120° A 
I, = 17.32Z120° A 


(b) 



110Z0° 

10Z30° 


iiz-30°n 


Chapter 12, Problem 17. 


A balanced delta-connected load has line current I„= 10 Z — 25° A. Find the phase 
currents I , I bc- , and I ca- 


Chapter 12, Solution 17. 


L =Iab^< -30" -> h, = = ^< -25" + 30" = 5.773 < 5" A 

hc = Lb < -120^' = 5.775 <-115^^ A 
= Lb < +120^' = 5.775 <125^^ A 
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Chapter 12, Problem 18. 


IfV„„ = 440 Z60° V in the network of Fig. 12.49, find the load phase eurrents , Ibc, 
andla. 



Figure 12.49 
ForProb. 12.18. 


Chapter 12, Solution 18. 


Vab = ^/3 Z30° = (440Z60°)(V3 Z30°) = 762.1Z90° 


=12 + j9 = 15Z36.87° 


I 


AB 



762.1Z9Q^ 

15Z36.87^ 


50.81Z53.13^ A 


Ibc = Iab^ -120" = 50.81Z - 66.87" A 
IcA = Iab^120" = 50.81Z173.13" A 
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Chapter 12, Problem 19. 


For the A - A circuit of Fig. 12.50, calculate the phase and line currents. 


a A 



Figure 12.50 
ForProb. 12.19. 


Chapter 12, Solution 19. 

=30 + jl0 = 31.62Z18.43° 


The phase eurrents are 

V.„ 


173Z0° 


31.62Z18.43° 


= 5.47Z -18.43° A 


Ibc = I ab ^ -120° = 5.47Z -138.43° A 


IcA =Iab^120°= 5.47Z101.57° A 


The line currents are 

r =Iab-Ica=IabV3^-30° 

I^ = 5.47V3 Z- 48.43° = 9.474Z-48.43° A 


I, =I^Z-120°= 9.474Z-168.43° A 
I, =I,Z120° = 9.474Z71.57°A 
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Chapter 12, Problem 20. 


Refer to the A - A circuit in Fig. 12.51. Find the line and phase currents. Assume that the 
load impedance is = 12 +79 Q per phase. 



Figure 12.51 
ForProb. 12.20. 


Chapter 12, Solution 20. 

=12 + j9 = 15Z36.87° 
The phase currents are 


I, 


21QZQ° 

15Z36.87° 


14Z - 36.87° A 


Igc = Iab^-120'’= 14Z-156.87° A 


IcA = Iab^120° = 14Z83.13° A 


The line currents are 

la = Iab V3 Z - 30° = 24.25Z - 66.87° A 
I, =IaZ-120°= 24.25Z-186.87° A 
la = IaZ120° = 24.25 Z53.13° A 
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Chapter 12, Problem 21. 


Three 230-V generators form a delta-connected source that is connected to a balanced 
delta-connected load of = 10 + 78 Q per phase as shown in Fig. 12.52. 

(a) Determine the value of Cc- 

(b) What is the value of C? 



Figure 12.52 

ForProb. 12.21. 


Chapter 12, Solutíon 21. 


(a) 


j _ -230Z120^ _ -230Z120^ 
10 + j 8 ” 12.806Z38.66° 

17.96Z-98.66° Arms 


17.96Z-98.66° A(rms) 


(b) 


^bB 


: lur + I 


BC -IbC “^AB 


-I. 


230Z-120 


10 +j8 

= 17.96Z -158.66° -17.96Z - 38.66° 


230Z0° 
10 +j8 


= -16.729 - j6.536 -14.024 + jl 1.220 = -30.75 + j4.684 
= 31.10Z171.34°A 
31.1Z171.34" Arms 
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Chapter 12, Problem 22. 

P® Find the line currents I/„ and F in the three-phase network oí Fig. 12.53 below. 
Take = 12 - jì5D. ,Zy = 4+J6 D, and Z, = 2 D. 



Figure 12.53 
ForProb. 12.22. 


Chapter 12, Solution 22. 

Convert the A-connected souree to a Y-connected souree. 


Vp 208 

=^Z-30° = -j^Z-30° = l20Z-3Q° 
Convert the A-connected load to a Y-connected load. 


Z = Zy ||:^ = (4-Hj6)||(4-j5) 
Z = 5.723 -jO.2 153 


(4 + j6)(4-j5) 
8 + j 



120Z-30° 


Zl+Z 7.723-jO.2153 

I, = I, Z -120° = 15.53Z -148.4° A 


= 15.53Z - 28.4° A 


I. = I,. Z120° = 15.53 Z91.6° A 
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Chapter 12, Problem 23. 


A three-phase balaneed system with a line voltage of 202 V ims feeds a delta-conneeted 
loadwithZ,, = 25 . 

(a) Find the line cuiTent. 

(b) Deteimine the total power supplied to the load using two wattmeters connected to the 
A and C lines. 


Chapter 12, Solutìon 23. 


(a) IaB 


Vab 202 
Za 25Z60" 


la ^IabVbZ-SO" =13.995^-90*^ 

25Z60" 


It =IL 


13.995A 


(b) 


p = Pj + = VsV+Il cosO = V3(202) 


f 202V3 


25 


cos 60" =2.448 kW 
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Chapter 12, Problem 24. 


A balanced delta-connected source has phase voltage = 416 Z30° V and a positive 
phase sequence. If this is connected to a balanced delta-connected load, find the line and 
phase cuiTents. Take the load impedance per phase as 60 Z30°fl and line impedance per 
phase as 1 +yi Q. 

Chapter 12, Solution 24. 

Conveit both the source and the load to their wye equivalents. 

Zy =^ = 20Z30° = 17.32 + jl0 

V,„ = -^ Z - 30° = 240.2 Z0° 

V3 

We now use per-phase analysis. 

l+jíí la 



I, =I„Z120°=11.24Z89° A 


But I,=I^V3Z-30° 


11.24Z-31° 

=^-= 6.489Z-1°A 


^/3Z-30° 


Igc =Iab^-120°= 6.489Z-121°A 


Ic^ = Iab^120° = 6.489Z119° A 
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Chapter 12, Problem 25. 

PS InthecircuitofFig. 12.54, ifV.„ = 440 Z10°, V„, = 440 Z250°, V„ = 440 ZISO'^ 
V, find the line currents. 



Figure 12.54 

ForProb. 12.25. 


Chapter 12, Solution 25. 

Convert the delta-connected source to an equivalent wye-connected source and 
consider the single-phase equivalent. 

^ 44QZ(10^-30°) 

where = 3 + j2 +10-j8 = 13-j6 = 14.32Z-24°.78° 


r 

h 


440Z - 20° 


V3(14.32Z-24.78°) 


17.74Z4.78° A 


: I, Z -120° = 17.74Z -115.22° A 


= I, Z120° = 17.74Z124.78° A 
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Chapter 12, Problem 26. 


For the balanced circuit in Fig. 12.55, V«y, = 125 Z0° V. Find the line currents and 



Figure 12.55 

ForProb. 12.26. 


Chapter 12, Solutìon 26. 

Transform the source to its wye equivalent. 

v^„ -^Z-30° = 72.17Z-30° 


Now, use the per-phase equivalent circuit. 

V.,„ 


I 


Z = 24-jl5 = 28.3Z-32° 


72.17Z-30° 

I,„ = . ... = 2.55Z2®A 


28.3Z-32° 


=I„a^-120°= 2.55Z-118'’A 


I„c = 1^^120° = 2.55Z122'= A 
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Chapter 12, Problem 27. 

PS A A-connected source supplies power to a Y-connected load in a three-phase 
balanced system. Given that the line impedance is 2 +yi D per phase while the load 
impedance is 6 + jA Q per phase, tìnd the magnitude of the line voltage at the load. 
Assume the source phase voltage = 208 ZO"" V rms. 


Chapter 12, Solutìon 27. 


Since Zi and are in series, we can lump them together so that 

^7 = ^ + 7 + 6 + 74 = 8 + 7 5 


V, 


^<- 30 ^^ 

Vs__ 208 < -30^^ 

z, ■ V3(8 + 75) 

208(0.866-y0.5)(6 + y4) 
^/3(8 + y5) 


80.81-y43.54 


|Vi.| = 91.79 V 


Chapter 12, Problem 28. 


The line-to-line voltages in a Y-load have a magnitude of 440 V and are in the positive 
sequence at 60 Hz. If the loads are balanced with Z,= 1^ = Z^ = 25 , íind all line 

currents and phase voltages. 


Chapter 12, Solutìon 28. 

Vl = |Vab I = 440 = VJVp or Vp = 440/1.7321 =254 

For reference, let Yan = 254Z0° V which leads to 
V;.A/ - 254Z-120° V and VrA/ - 254Z120° V . 

The line currents are found as follows, 

h = VWZy = 254/25Z30^ = 10.16Z-30° A . 

This leads to, = 10.16Z-150° A and 1, = 10>16Z90° A . 
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Chapter 12, Problem 29, 


<îÇ> 

PS A balanced three-phase Y-A system has V„„ =120 Z0° V nns and = 51 -t J45Q. 

If the line impedance per phase is 0.4 + j 1.2 íl, fínd the total complex power delivered to 
the load. 


Chapter 12, Solutíon 29. 

We can replace the delta load with a wye load, Zy = Z^/S = 17+j 15ÍÎ. 
The per-phase equivalent circuit is shown below. 


Z; 



/,. = 


120 


" 17-t7l5-t0.4-t7l.2 


= 5.0475Z-42.96" 


S = 3S =3|/J' Zy =3(5.0475)^17-1-7l5) = 1.3-H71.1465 kVA 
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Chapter 12, Problem 30. 


In Fig. 12.56, the rms value of the line voltage is 208 V. Find the average power 
delivered to the load. 



Figure 12.56 

ForProb. 12.30. 


Chapter 12, Solutìon 30. 

Since this a balanced system, we can replace it by a per-phase equivalent, as 
shown below. 



S=^Q- = — = 1.4421^45" kVA 

Z „ 30Z-45" 

P = ^cos6> = 1.02kW 
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Chapter 12, Problem 31. 


A balanced delta-connected load is supplied by a 60-Hz three-phase source with a line 
voltage of 240 V. Each load phase draws 6 kW at a lagging power factor of 0.8. Find: 

(a) the load impedance per phase 

(b) the line current 

(c) the value of capacitance needed to be connected in parallel with each load phase to 
minimize the current from the source 


Chapter 12, Solutìon 31. 


P = 6,000, cos 6» = 0.8, S= = 6 / 0.8 = 7.5 kVA 

" cosû 

=5pSÌn(9 = 4.5kVAR 

S = 3Sr =3(6 + 74.5) = 18 + 7l3.5kVA 
For delta-connected load, Vp = Vl= 240 (rms). But 


S = 



3V\ 3(240)" 

S ~ (18 + 7l3.5).xl0'’ 


Zp =6.144 + 74.608Í2 


(b) P„=^VJ,cos9 


h 


6000 

V3a:240x0.8 


18.04A 


(c ) We fmd C to bring the power faetor to unity 


a=Ôp=4.5kVA 



4500 

2;Dc60a:240^ 


207.2 juV 
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Chapter 12, Problem 32. 


A balanced Y-load is connected to a 60-Hz three-phase source with V«/, = 240 ZO'" V. 
The load has pf = 0.5 lagging and each phase draws 5 kW. (a) Determine the load 
impedance Zy. (b) Find C, C, and 1,. 


Chapter 12, Solutìon 32. 


(a) |F,J=^/3F =240 


F =^ = 138.56 
' a/3 


But 


(b) 


pf = 0.5 = cos 6 -> (9 = 60" 

P = Scos0 -> S = -^ = —= 10kVA 

cos 6 0.5 

ô = 5 sin 0 = lOsin 60 = 8.66 
5^ =5 + 78.66 kVA 



_ rf _ 138.56^ 

" (5 + 78.66)x10' 


Zp = 0.96+ i 1.663 n 
j _F„„ _ 138.56 <-30" 
" Zy 0.96 + 71.6627 


= 72.17 <-90" 


A 


0.96-71.663 


f=f< -120" = 72.17 <-210" A 
7, = /„ < +120" = 72.17 < 30" A 
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Chapter 12, Problem 33. 


A three-phase source delivers 4800 VA to a wye-connected load with a phase voltage of 
208 V and a power factor of 0.9 lagging. Calculate the source line current and the source 
line voltage. 


Chapter 12, Solutìon 33. 

S = V3VlIl^0 

s = |s| = Vsv.i, 


For a Y-connected load, 

lL = Ip, Vl=V3V„ 


S = 3V^I, 


lL=Ip= 


4800 


3V (3)(208) 


7.69 A 


Vl = V3 V = V3 X 208 = 360.3 V 

P _ 


Chapter 12, Problem 34. 

A balanced wye-connected load with a phase impedance of 10 -jló Q is connected to a 
balanced three-phase generator with a line voltage of 220 V. Determine the line current 
and the complex power absorbed by the load. 


Chapter 12, Solutìon 34. 


V. 220 

V- - - 


v„ 


220 


127.02 


Zy V3(10 —jl6) 18.868^ — 58' 


- = 6.732Z58= 


I, = = 6.732A 

S = V3 VlIl^Q = V3 X 220 X 6.732Z - 58° = 2565Z - 58“^ 


S = 1359.2-Ì2175 VA 
Chapter 12, Problem 35. 
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PS Three equal impedances, 60 +730 fl each, are delta-connected to a 230-V rms, 
three-phase circuit. Another three equal impedances, 40 +710 Q each, are wye- 
connected across the same circuit at the same points. Determine: 

(a) the line current 

(b) the total complex power supplied to the two loads 

(c) the power factor of the two loads combined 


Chapter 12, Solutìon 35. 


(a) This is a balanced three-phase system and we can use per phase equivalent circuit. 
The delta-connected load is converted to its wye-connected equivalent 


z",, =iz^ =(60 + j30)/3 = 20 + jio 



Z”y 


Zj, =Z'^ //Z"y =(40 + j\0)//{20 + 7l0) = 13.5 + jS.S 
230 


h = 


13.5+ A5 


= 14.61-75.953 A 


(b) S = VXl = 3.361 + 71.368 kVA 


(c) pf=P/S = 09261 


Chapter 12, Problem 36. 
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A 4200-V, three-phase transmission line has an impedanee of 4 +710 Q per phase. If it 
supplies a load of 1 MVA at 0.75 power faetor (lagging), tind: 


(a) the complex power 

(b) the power loss in the line 

(c) the voltage at the sending end 


Chapter 12, Solutìon 36. 

(a) S = 1 [0.75 + sin(cos'^0.75) ] = 0.75 + iO.6614 MVA 

_ ^ _ (0.75 + J0.6614)xl0'’ _ 

~ 3F„ ~ 3x4200 

7?, = (79.36)' (4) = 25.19 kW 
(c) F, ^V,+/^,(4+ /) = 4.4381- 70.21^^ = 4.443^-2.709“ kV 


(b)5 = 3F/, -> 7% 


Chapter 12, Problem 37. 
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The total power measured in a three-phase system feeding a balanced wye-connected 
load is 12 kW at a power factor of 0.6 leading. If the line voltage is 208 V, calculate the 
line cuiTent 4 and the load impedance Zy. 


Chapter 12, Solutìon 37. 


S = 


pf 



S = SZ0 = 20 ze = 12 - jl6 kVA 


But s = V3v,i, ze 


20x10^ 

I. =^-= 55.51 A 


V3x208 


S = 3I„ Z„ 

P P 


For a Y-connected load, L = L. 

’ L p 

^ (12-jl6)xl0' 


Z = 


3 L 


(3)(55.51)' 


Z^ = 1.298-jl.731Q 


Chapter 12, Problem 38. 
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PS Given the circuit in Fig. 12.57 below, fìnd the total complex power absorbed by the 
load. 


i a j2 Li 
-AAAA^ — UT^ 


110/0° V ( 


110^^\ (; '7I2Q 

-(^+) - VWV — ^TIRP — VWV — nníT^ 


I 110 /120° V 


1 a jiQ. 
-AAAV — nnrìP- 


1 a ji Q 
-AAAA — nnnp- 



Figure 12.57 
ForProb. 12.38. 


Chapter 12, Solution 38. 

As a balanced three-phase system, we ean use the per-phase equivalent shown 
below. 


110Z0° 


110Z0° 


^ (l + j2) + (9 + jl2) 10 + jl4 


I. Z, 


1 ( 110 )' 


2 (10'+14') 


•(9 + jl2) 


The complex power is 

3 (110)' 

S = 3S - —■{9 + i\2) 

P 2 296 


S = 551.86+ J735.81VA 


Chapter 12, Problem 39. 
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PS Find the real power absorbed by the load in Fig. 12.58. 



Figure 12.58 

ForProb. 12.39. 

Chapter 12, Solutìon 39. 

Consider the system shown below. 



For mesh 2, 

100Z-120^ = 20l2-5I,-10l3 

20Z-120^ = -Ii+4l2-2l3 (2) 

For mesh 3, 

0 = -(8-j6)I,-10I,+(22-j3)l3 (3) 


To eliminate , stait by multiplying (1) by 2, 

200 = (36 - jl2)I, -101, - (16 - jl2)l3 (4) 

Subtraeting (3) from (4), 
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200 = (44-jl8)Ii-(38-jl5)l3 


(5) 


Multiplying (2) by 5/4, 

25Z-120° = -1.25Ii+5l3-2.5l3 

Adding (1) and ( 6 ), 

87.5 - j21.65 = (16.75 - j 6 ) I, - (10.5 - j 6 )I 3 


In matrix foim, (5) and (7) become 


200 


44-jl8 -38 + jl5l 


L87.5-jl2.65j [16.75-j6 -10.5 + j 6 JL 


Iil 


Áh- 


A = 192.5-j26.25, A, = 900.25-j935.2. 


( 6 ) 

(7) 


A 3 = 110.3-jl 327.6 


h 


A 


1298.1Z-46.09° 
194.28Z-7.76° 


6.682Z - 38.33° = 5.242 - j4.144 


I3 



1332.2Z-85.25° 
194.28Z-7.76° 


6.857Z - 77.49° = 1.485 - j6.694 


We obtain fi'om ( 6 ), 

I, =5Z-120° + tIi+tI3 

I 3 = (-2.5 - j4.33) + (1.3104 - jl .0359) + (0.7425 - j3.347) 
=-0.4471-j8.713 

The average power absorbed by the 8 -Q resistor is 

Pi = I Ii -I 3 ^( 8 ) = 1 3.756 +j2.55l|'(8) = 164.89 W 


The average power absorbed by the 4-0. resistor is 

= |l 3 |"(4) = (6.8571)^(4) = 188.1 W 

The average power absorbed by the 10-Q resistor is 

P 3 = 11 ,- 13 1"(10) = 1-1.9321-j2.019|710) = 78.12 W 

Thus, the total real power absorbed by the load is 
P = P+P^+P3 = 431.1 W 
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Chapter 12, Problem 40. 

PS For the three-phase circuit in Fig. 12.59, find the average power absorbed by the 
delta-connected load with =21 + jlAD.. 



Figure 12.59 

ForProb. 12.40. 


Chapter 12, Solution 40. 


Transform the delta-connected load to its wye equivalent. 


Using the per-phase equivalent circuit above, 


lOOZO^ 


(l-tj0.5) + (7 + j8) 


■ = 8.567Z-46.75° 


For a wye-connected load, 

I^=I,=|lJ = 8.567 

S = 3|lJ'z^=(3)(8.567)^(7 + j8) 

P = Re(S) = (3)(8.567)'(7) = 1.541 kW 
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Chapter 12, Problem 41. 

A balanced delta-connected load draws 5 kW at a power factor of 0.8 lagging. If the 
three-phase system has an effective line voltage of 400 V, find the line cuiTent. 


Chapter 12, Solution 41. 


P 5kW 
pf" 0.8 


= 6.25 kVA 


But S = V3 VJl 


S 6.25x10^ 

^ ~ VsVl ~ V3x400 


9.021 A 


Chapter 12, Problem 42. 

A balanced three-phase generator delivers 7.2 kW to a wye-connected load with 
impedance 30 -j^OÍ^ per phase. Find the line cunent A and the line voltage 17. 

Chapter 12, Solutìon 42. 

The load deteimines the power factor. 

40 

tane = —- = 1.333 -> 0 = 53.13^ 

30 

pf = cosO = 0.6 (leading) 


S = 7.2 - j{^}o.8) = 7.2 - j9.6 kVA 

But S = 3|Ip I Zp 

I S _ (7-2-j9.6)xl0^ 

I -’l 3Z^ (3)(30-j40) 


Ip = 8.944 A 


I = I = 8.944 A 

L p 


Vl 



12x10" 
V3 (8.944) 


774.6 V 
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Chapter 12, Problem 43. 

PS Refer to Fig. 12.48. Obtain the complex power absorbed by the combined loads. 

Chapter 12, Solutìon 43. 

I F 

S = 3 I„ Z„, I = It for Y-connected loads 

I p I p ’ p L 

S = (3)(13.66)'(7.812-j2.047) 

S = 4.373-jl.l45kVA 


Chapter 12, Problem 44. 

P® A three-phase line has an impedanee of 1 + j2> per phase. The line feeds a balaneed 

delta-connected load, which absorbs a total complex power of 12 +75 k VA. If the line 
voltage at the load end has a magnitude of 240 V, calculate the magnitude of the line 
voltage at the source end and the source power factor. 


Chapter 12, Solution 44. 

For a A-connected load, 

Vp=V„ Il = ^/3I, 

S = V3VJ, 

^ S V(12^+5^)xl0^ 
^”V3 Vl” V3(240) 

At the source, 

V(=Vl+IlZ, 

V( = 240Z0° + (31.273)(1 + j3) 
V( =271.273+ j93.819 

I Vl I - 287.04 V 


Also, at the source, 

S'=V3V7: 

S' =V3 (271.273 +j93.819)(31.273) 
/ 93.819 'ì 

e = tan-' - =19.078 

V27I.273J 

pf = COS0 = 0.9451 
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Chapter 12, Problem 45. 


A balanced wye-connected load is connected to the generator by a balanced transmission 
line with an impedance of 0.5 + jl Çì per phase. If the load is rated at 450 kW, 0.708 
power factor lagging, 440-V line voltage, find the line voltage at the generator. 


Chapter 12, Solutìon 45. 

s = V3v,L ze 


S Z-0 


I I P 450x10^ 

S = — = = 635.6 kVA 

' ' pf 0.708 


(635.6)Z-0 

I, = r- -= 834Z-45°A 

V3 X 440 


At the source, 

Vl =440Z0° + lL(0.5 + j2) 

Vl =440+(834Z-45°)(2.062Z76°) 
Vl =440 + 1719.7Z31° 

Vl =1914.1+ j885.7 
Vl = 2.109Z24.83°kV 


Note, this is not nonnally experieneed in praetice sinee transformers aie use whieh ean 
signifieantly reduee line losses. 
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Chapter 12, Problem 46. 


A three-phase load consists of three 100- Q resistors that can he wye- or delta-connected. 
Detemiine which connection will absorb the most average power fiom a three-phase 
source with a line voltage of 110 V. Assume zero line impedance. 


Chapter 12, Solutìon 46. 


For the wye-connected load, 

lL = Ip, V, = V3V. 

3|V„ I 


s = 3v^i; = 


s = 


z 

( 110 )" 


3|Vl/V3| 

z* 


100 


= 121 W 


Ip=Vp/Z 


For the delta-connected load, 


Vp=Vl, 


I, = V 3 I^, Ip=V^/Z 


s=3v i:=■ 


3 


3 V, 


(3)(110)' 

-^ = 363 W 

100 


This shows that the delta-connected load will deliver three times more average 


power than the wye-conneeted load. This is also evident fi'om Z ^ . 
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Chapter 12, Problem 47. 


The following three parallel-eonnected three-phase loads are fed by a balanced three- 
phase source: 

Load 1: 250 kVA, 0.8 pf lagging 
Load 2: 300 kVA, 0.95 pf leading 
Load 3: 450 kVA, unity pf 

If the line voltage is 13.8 kV, calculate the line cuiTent and the power factor of the source. 
Assume that the line impedanee is zero. 


Chapter 12, Solution 47. 

pf = 0.8 (lagging) -> 0 = cos‘^(0.8) = 36.87^ 

S, = 250Z36.87^ = 200 +jl50 kVA 

pf = 0.95 (leading) -> 0 = cos-'(0.95) =-18.19° 

5 2 = 300Z -18.19° = 285 - j93.65 kVA 

pf = 1.0 -> 0 = cos-'(l) = O° 

5 3 =450kVA 

St =Si+S 2 +S 3 = 935 + j56.35 = 936.7Z3.45°kVA 


St| = V3VJl 


936.7x10^ 

~ V3(13.8xl0') 


= 39.19 A rms 


pf = cosO = cos(3.45°) = 0.9982 (lagging) 
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Chapter 12, Problem 48. 

P® A balanced, positive-sequence wye-connected source has = 240 Z0° V nns and 
supplies an unbalanced delta-connected load via a tiansmission line with impedance 
2 +j3Q per phase. 


(a) Calculate the line cuiTents if Z^b = 40 + 7 15 Q , Z^c = 60 Q, Zca ^ 18 - 712 . 

(b) Find the complex power supplied by the source. 


Chapter 12, Solutìon 48. 

(a) We first conveit the delta load to its equivalent wye load, as shown below. 


A 




^(40-h,-15)(18-,-12)^7 377 - 9^3 

118 + 73 


Zb 


60(40 +jl 5). 
118 + j3 


20.52+ j7.105 


Z,. 


60(18-jl 2 ) 
118 + 73 


8.992-76.3303 
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The system beeomes that shown below. 

a 2+j3 A 



2+j3 


We apply KVL to the loops. For mesh 1, 

-240 + 240Z-120" +/i(2Z,+Z^ +Zg)-I^{Z^+Z,) = Q 
or 

(32.097 + yl 1.13)/, -(22.52 + ylO.lOSj/j =360 + j207.85 (1) 

For mesh 2, 

240Z120" -240Z-120" -/,(Z^ +Z,) + I^{IZ, + Z^ + Z,..) = 0 
or 

-(22.52 + 710.105)/, +(33.51 + j6.11S)I^ =-jA\5.69 (2) 

Solving (1) and (2) gives 
/, =23.75-75.328, /^ =15.165-711.89 

/ , =/, = 24.34Z-12.64" A . /,„=/, -/. = 10.81Z-142.6" A 

/ c = -/2 = 19.27Z141.9" A 

(b) Sa = (240Z0")(24.34Z12.64") = 5841.6Z12.64" 

= (240Z- 120")(10.81Z142.6") = 2594.4Z22.6" 

= (240Z120" )(19.27Z -141.9") = 4624.8Z -21.9" 

S =Sn + SH+Sc=\1.3,^6+ /0.55 kVA = 12.4Z2.54"kVA 
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Chapter 12, Problem 49. 

Each phase load consists of a 20-Q rcsistor and a 10-Í2 inductive reactance. With a line 
voltage of 220 V nns, calculate the average power taken by the load if: 

(a) the three-phase loads are delta-connected 

(b) the loads are wye-connected 

Chapter 12, Solution 49. 

(a) For the delta-connectedload, =20 + jlOQ, =V^ =220 (mis), 

S = ~ -= 5808 + /2904 = 6.943Z26.56'’ kVA 

Z p (20-710) 

01 5.808kW 

(b) Forthewye-connectedload, Z^^=20 + jl0Q, 

S = — = 2.164Z26.56" kVA or 1.9356 kW 

Z p 3(20-jlO) - - 

Chapter 12, Problem 50. 

A balaneed three-phase souree with Vi = 240 V ims is supplying 8 kVA at 0.6 power 
factor lagging to two wye-connected pai'allel loads. If one load draws 3 kW at unity 
power factor, ealculate the impedanee per phase of the seeond load. 

Chapter 12, Solution 50. 


=8(0.6 + 70 . 8 ) = 4.8 + 76.4 kVA, 5i =3kVA 

Henee, 


52 = 5-51 = 1.8 + 


But S 2 



76.4 kVA 




V\ _ 240" 

52 ~ (1.8 + 76 . 4 )a: 10 ' 


Z„ = 2.346 + 78 . 34 Q 

P ^ 
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Chapter 12, Problem 51. 

±í 

P® ML Consider the A - A system shown in Fig. 12.60. Take Zi = 8 + 76 Í 2 , = 4.2 — 

j 2 . 2 n,z, = lo+jon. 


(a) Find the phase cuiTent I^b, 1«^-, 

(b) Calculate line eunents I*b, and !,<;•. 


a A 



Figure 12.60 
ForProb. 12.51. 


Chapter 12, Solutíon 51. 

This is an unbalanced system. 


, 240<0" 240<0" 

/.„ =-z-= ——^— = 19.2-jl4.4 A = 19.2-Ì14.4 A 


Ibc - 


8 + 76 


240Z120° 240Z120° 


IcA - 
At node A, 


Z 2 4.7413Z-27.65 
240Z-120° 240Z-120 


= 50.62Z147.65° = -42.76+Ì27.09 A 


10 


= -12-Ì20.78 A 


=lAB-h-A =(19.2-yi4.4)-(-12-720.78) = 31.2 + 76.38 A = 31.2+Ì6.38 A 

IhB =/sc-/^s = (-42.76 + 727.08)-(19.2-7l4.4) = -61.96 + 741.48 A 

= -61.96+141.48 A 


Tc =/,.,-/ jc= (-12- 720 . 78 )-(-42.76 + 727.08) = 30.76-747.86 A 

= 30.76-i47.86 A 
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Chapter 12 , Problem 52. 


A four-wire wye-wye cireuit has 

V„„= 120Z120°, V,„= 120 Z0° 

V„= 120 Z-120° V 

If the impedanees are 

Z,;,: = 20 Z60°, Zs^=30Z0° 

Z„ = 40 Z30°Í2 

find the euiTent in the neutral line. 


Chapter 12, Solution 52. 


Sinee the neuh'al line is present, we ean solve this prohlem on a per-phase basis. 


I. 

I. 

I. 


120Z120° 


Z^^ 20Z60° 


: 6Z60° 


120Z0° 


Zbn 30Z0° 


= 4Z0° 


120Z-120° 


ZcN 40Z30° 


= 3Z-150° 


Thus, 

-I„ =6Z60° + 4Z0° + 3Z-150° 

-1„ = (3 + j5.196) + (4) + (-2.598 - jl .5) 
= 4.405+ j3.696 = 5.75 Z40° 


I„ = 5.75Z220® A 
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Chapter 12, Problem 53. 


In the Y-Y system shown in Fig. 12.61, loads connected to the source are unbalanced. 
(a) Calculate C, C, and I,. (b) Find the total power delivered to the load. Take 
V,, = 240 Vims. 





Figure 12.61 

ForProb. 12.53. 


Chapter 12, Solution 53. 

Applying mesh analysis as shown below, we get. 
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> 160/,-60/2=360+7207.84 (1) 


240 < -120" - 240 < 0" + /,xl60 - 60/^ = 0 

240<120"-240<-120"+140/2-60/, = 0 -> 140/^-60/, =-7415.7 (2) 

In matiix foim, (1) and (2) become 


"160 -60“ 



"360 + 7207.84" 

-60 140 

A. 


-7-415.7 


Using MATLAB, we get. 


»Z=[160,-60;-60,140] 

Z = 

160 -60 
-60 140 

» V=[(360+207.8i);-415.7i] 

V = 

l.Oe+002 * 

3.6000+ 2.0780Ì 
0-4.1570Ì 
»I=inv(Z)*V 
1 = 

2.6809 + 0.2207Ì 
1.1489-2.8747Ì 

Ii = 2.681+j0.2207 and h = 1.1489-j2.875 

L = L = 2.69Z4.71° A 


L = I 2 - Ii = -1.5321-j3.096 = 3.454Z-116.33° A 


L = -I 2 = 3.096Z111.78° A 

=1 h I" = (2.69)^x100 = 723.61 W 
5 , =|L I" Z, =(3.454)^x60 = 715.81 W 
=1 h P Z, = (3.0957)^x80 = 766.67 W 

P = P, + Pi. + P,- = 2.205 kW 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pait 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher, or used bevond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without permission. 


Chapter 12, Problem 54. 

A balanced three-phase Y-source with = 210 V nns drìves a Y-connected three-phase 
load with phase impedance = 80D, = 60 + 7900, and Z^ =/80 Q. Calculate the 

line cuiTents and total complex power delivered to the load. Assume that the neutials are 
connected. 


Chapter 12, Solution 54. 

Consider the load as shown below. 



210 < 0 " 
80 


2.625 A 


210Z0^ _ 210 

60 + j90”l08.17Z56.31^ 


1.9414Z-56.3C A 


210 < 0 ^^ 
780 


= 2.625 < -90^^ A 


21 0jc2.625 = 551.25 


5* 

5. 



|Fp 210^ 

Z ; “-780 


210 " 

60-790 ” 
= 7551.25 


226.15 + 7339.2 


S = S^ + Sf,+S^= 111A + 7890.45 VA 
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Chapter 12, Problem 55. 


A three-phase supply, with the line voltage 240 V iTns positively phased, has an 
unbalanced delta-connected load as shown in Fig. 12.62. Find the phase cuirents and the 
total complex power. 



Figure 12.62 

ForProb. 12.55. 


Chapter 12, Solutìon 55. 

The phase cuirents are: 


Iab = 240/j25 = 9.6Z-W A 
lcA = 240Z120740 = 6Z120° A 
240Z-120730Z30“ = 8Z-150° A 


The complex power in each phase is: 

P Z,,=(9.6)^y25 = 72304 

S,,=\C,\" Z,,,=(6)M0<0" = 1440 

Sg, =1 Ig, f Zg, = (8)"30 < 30" =1662.77 + 7960 
The total complex power is, 

S = S,s+ S^, + Sg, = 3 1 02.77 + 73264 VA = 3.103+13.264 kVA 
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Chapter 12, Problem 56. 


Refer to the unbalanced circuit of Fig. 12.63. Calculate: 

(a) the line cuiTents 

(b) the real power absorbed by the load 

(c) the total complex power supplied by the source 



Figure 12.63 

ForProb. 12.56. 


Chapter 12, Solutìon 56. 

(a) Consider the circuit below. 




For mesh 1, 

440Z -120° - 440Z0° + jl 0 (I, -1 3 ) = 0 
(440)(1.5 + j0.866) 


I.-Is 


jio 


= 76.21Z-60° 


For mesh 2 , 

440Z120° - 440Z -120° 20 (I 2 - 13 ) = 0 
(440)(jl.732) 




20 


= j38.1 


( 1 ) 


( 2 ) 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuaf 

vou aie using it without permission. 























I, = l, = 132Z30° A 

=-38.105 +j27.9 = 47.23 Z143.8°A 
= 120.9Z230.9° A 

(b) S^B=|l,-l 3 |'(jl 0 ) = j58.08kVA 
Sbc = 1 12 - 13 r (20) = 29.04 kVA 

ScA =|l 3 r(-j5) = (152.42)^(-j5) = -jl 16.16kVA 

S = + Sbc + ScA = 29.04 - j58.08 kVA 

Real power absorbed = 29.04 kW 

(c) Total complex supplied by the source is 

S = 29.04-j58.08 kVA 
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Chapter 12, Problem 57. 

Determine the line euiTents for the three-phase eireuit of Fig. 12.64. Let = 110 Z0°, 
V*= 110Z-120°, V,= 110Z120° V. 



Figure 12.64 

ForProh. 12.57. 

Chapter 12, Solution 57. 

We apply mesh analysis to the eireuit shown below. 

la 



(100 +mi, -(20 +mi,=V^ -V, =165-^795.263 (1) 

-(20-^7-30)/, -f (80-710)/, =F, -V^ =-7190.53 (2) 

Solvmg(l)and(2)gives /j = 1.8616- 7 O. 6 O 84 , / 2 = 0 . 9088 - 71 . 722 . 

/„ =/i = 1.9585Z-18.1" A , =/2 -/1 =-0.528- /1.1136 = 1.4656Z-130.55" A 

/, = -/2 = 1.947Z117.8" A 
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Chapter 12, Problem 58. 

P® Solve Prob. 12.10 using PSpice. 

Chapter 12, Solution 58. 

The schematic is shown below. IPRINT is inserted in the neutral line to measure the 
cunent through the line. In the AC Sweep box, we select Total Ptss = l,StartFreq. = 
0.1592, and End Freq. = 0.1592. After simulation, the output file ineludes 

FREQ 1M(V PRINT4) IP(V PRINT4) 

1.592 E-01 1.078 E+01 -8.997 E+01 

i.e. In = 10.78Z-89.97° A 


R2 



25 


C1 


L1 


5H 


10 
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Chapter 12, Problem 59. 


The source in Fig. 12.65 is balanced and exhibits a positive phase sequence. If f= 60 Hz, 
use PSpice to find Ybn, and Ycn. 



Figure 12.65 

ForProb. 12.59. 
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Chapter 12 , Solution 59. 


The schematic is shown bdow. In the AC Sweep hox, we set Total Pts = 1, Start Freq 
= 60, and End Freq = 60. After simulation, we obtain an output fíle whieh ineludes 


FREQ 

VM(1) 

VP(1) 

6.000 E+01 

2.206 E+02 

-3.456 E+01 

FREQ 

VM(2) 

VP(2) 

6.000 E+01 

2.141 E+02 

-8.149 E+01 

FREQ 

VM(3) 

VP(3) 

6.000 E+01 

4.991 E+01 

-5.059 E+01 


i.e. Van = 220.6Z-34.56°. Vbn = 214.1Z-81.49°. Vcn = 49.91Z-50.59° V 
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Chapter 12, Problem 60. 


Use PSpice to detennine in the single-phase, three-wire circuit of Fig. 12.66. Let 
Zi = 15 -jìOCl , Z 2 = 30 + 72 OÍ 2 , and Z 3 = 12 + JSQ .. 


4D 



Figure 12.66 

ForProb. 12.60. 
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Chapter 12, Solutìon 60. 


The schematic is shown bclow. IPRINT is inscitcd to givc Iq. Wc sclcct Total Pts = I, 
StaitFrcq = 0.1592, and End Frcq = 0.1592 in thc AC Swccp box. Upon simulation, 
thc output filc includcs 

FREQ IM(V_PRINT4) IP(V_PRINT4) 

1.592 E-OI I.42I E+00 -1.355 E+02 

fromwhich, lo = 1.421Z-135.5^ A 
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Chapter 12, Problem 61. 


Given the circuit in Fig. 12.67, use PSpice to deteiTnine cuiTents and voltage \ bn - 


240/0° V 


240 /-120° V 


240/ 




4 íì j 3 n 
-\Wv — 


^ lOÍÍ 715 D 
-AAAA/ — nnp — 


-736 n= = -736 n 


41^ j3n 
-AAAA^ — 


-736 n - 

4 n 73 n 
-VWV — ‘TÍT' — 


10 n 715 D 


-ŷ-^vvv^— N 


10 n 715 D 
-AAAA^—rnnp — 


Figure 12.67 
ForProb. 12.61. 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reseived. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou aie using it without permission. 

















Chapter 12, Solution 61. 


The schematic is shown below. Pseudocomponents IPRINT and PRINT are inserted to 
measure laA and Vbn- In the AC Sweep box, we set Total Pts = l,StartFreq = 0.1592, 


and End Freq 
includes 

= 0.1592. Once the circuit is simulated, we get an output file which 


FREQ 

VM(2) 

VP(2) 


1.592 E-01 

2.308 E+02 

-1.334 E+02 


FREQ 

IM(V PRINT2) 

IP(V PRINT2) 


1.592 E-01 

1.115 E+01 

3.699 E+01 

from which 





laA = 11.15Z37° A. Vbn = 230.8Z-133.4° V 
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Chapter 12, Problem 62. 


The circuit in Fig. 12.68 operates at 60 Hz. Use PSpice to find the source cuiTent and 
the line cuirent I/,^. 



Figure 12.68 

ForProb. 12.62. 
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Chapter 12, Solution 62. 


Because of the delta-eonneeted souree involved, we follow Example 12.12. In the AC 
Sweep box, we type Total Pts = l,StartFreq = 60, and End Freq = 60. After 
simulation, the output fíle ineludes 


FREQ I]V[(V_PRINT2) 

6.000 E+01 5.960 E+00 

FREQ IMCV PRINTl) 

6.000 E+01 7.333 E+07 


IP(V_PRINT2) 
-9.141 E+01 
IP(V PRINTl) 
1.200 E+02 


From whieh 

lah = 7.333xl0^Z120° A . IbB = 5.96Z-91.41° A 
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Chapter 12, Problem 63. 


Use PSpice to find cuiTents and Iac in the unbalanced three-phase system shown in 
Fig. 12.69. Let 

Z/ = 2 +7, Zi = 40 + 7*20 , 

Z, = 50-730D,Z3 = 25D 


220/0° V 


220 7-120° V 


220 /120° V 


Z, 


Z, 


Zi 


A 

Zi 

B 

Z2 

c 


Z3 


Figure 12.69 

ForProb. 12.63. 
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Chapter 12, Solution 63. 

Let(y = l sothat L = X/<y = 20H, andC = — = 0.0333F 

<yX 


The schematic is shown below. 



When the file is saved and mn, we obtain an output file whieh ineludes the following: 


FREQ 


IM(V PRINT1)IP(V PRINTl) 


1.592E-01 1.867E+01 1.589E+02 


FREQ 


IM(V PRINT2)IP(V PRINT2) 


1.592E-01 1.238E+01 1.441E+02 

From the output file, the required cuiTents are: 


=18.67Z158.9^^ A, = 12.38Z144.r^ A 


Chapter 12, Problem 64. 
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For the circuit in Fig. 12.58, use PSpice to find the line cuiTents and the phase euiTents. 


Chapter 12, Solutìon 64. 

We follow Example 12.12. In the AC Sweep box we type Total Pts = 1, Stail Freq = 
0.1592, and End Freq = 0.1592. After simulation the output file includes 


FREQ 

IM(V PRINTl) 

IP(V PRINTl) 

1.592 E-01 

4.710 E+00 

7.138 E+01 

FREQ 

IM(V PR1NT2) 

IP(V PRINT2) 

1.592 E-01 

6.781 E+07 

-1.426 E+02 

FREQ 

IM(V_PRINT3) 

IP(V_PRINT3) 

1.592 E-01 

3.898 E+00 

-5.076 E+00 

FREQ 

IM(V_PRINT4) 

IP(V_PRINT4) 

1.592 E-01 

3.547 E+00 

6.157 E+01 

FREQ 

IM(V_PRINT5) 

IP(V_PRINT5) 

1.592 E-01 

1.357 E+00 

9.781 E+01 

FREQ 

IM(V PR1NT6) 

IP(V PRINT6) 

1.592 E-01 

3.831 E+00 

-1.649 E+02 


fi'om this we obtain 

laA = 4.71Z71.38^ A . IbB = 6.781Z-142.6^ A . lec = 3.898Z-5.08^ A 
Iab = 3.547Z61.57^ A . Uc = 1.357Z97.81^ A . Ibc = 3.831Z-164.9^ A 
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Chapter 12, Problem 65. 

A balanced three-phase eircuit is shown in Fig. 12.70 on the next page. Use PSpice to 
find the line cuirents I/,^, and 1,^. 



Figure 12.70 

ForProb. 12.65. 


Chapter 12, Solutìon 65. 

Due to the delta-connected source, we follow Example 12.12. We type Total Pts = 1, 
StailFreq = 0.1592, and End Freq = 0.1592. The schematic is shown below. Afterit 
is saved and simulated, we obtain an output file which includes 


FREQ 

IM(V PRINTl) 

IP(V PRINTl) 

1.592E-01 

1.140E+01 

8.664E+00 

FREQ 

IM(V__PRINT2) 

IP(V_PRINT2) 

1.592E-01 

1.140E+01 

-1.113E+02 

FREQ 

IM(V_PRINT3) 

IP(V_PR[NT3) 

1.592E-01 

1.140E+01 

1.287E+02 


Thus, laA = 11.02Z12^A . IbB = 11.02Z-108^A . Ec = 11.02Z132^ A 
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IPRINFRINT1 



Since this is a balanced circuit, we can perfonn a quick check. The load resistance is 
large compared to the line and source impedances so we will ignore them (although it 
would not be difficult to include them). 

Converting the sources to a Y configuration we get: 

Van= 138.56 Z-20“ Vims 

and 

Zy = 10 - j6.667 = 12.019Z-33.69° 

Now we can calculate, 

IaA = (138.56 Z-200/(12.019Z-33.69°) = 11.528Z13.69° 

Clearly, we have a good approximation which is veiy close to what we really have. 
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Chapter 12, Problem 66. 


A three-phase, four-wire system operating with a 208-V line voltage is shown in Fig. 
12.71. The source voltages are balanced. The power absorbed by the resistive wye- 
connected load is measured by the three-wattmeter method. Calculate: 


(a) the voltage to neutial 

(b) the cuiTents Ii, I^, C, and I„ 

(c) the readings of the wattmeters 

(d) the total power absorbed by the load 


h 



Figure 12.71 

ForProb. 12.66. 
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Chapter 12, Solution 66. 


(a) 

(b) 


V, 208 


Because the load is unbalanced, we have an unbalanced three-phase 
system. Assuming an abc sequence, 

120Z0^ 

r =^^=2.5Z0°A 

120Z-120° 

I, = -^- = 3Z-120°A 

" 40 

120Z120° 

l3=^^ = 2Z120^A 


-lN=I.+l3+l3=2.5 + (3)|-0.5-j 

V3 

= j— = jO .866 = 0.866Z90° A 


.VI 


+ (2) -0.5 + j 


.VI 


Hence, 


I, = 2,5 A , r = 3 A , I 3 = 2 A, = 0.866 A 


(e) = If Rj = (2.5)" (48) = 300 W 

= If = (3)"(40) = 360 W 
P^ = if R^ = (2)"(60) = 240 W 


(d) 


Pt =Pi+P3+P3 = 900 W 
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Chapter 12, Problem 67, 


e€ld * As shown in Fig. 12.72, a three-phase four-wire line with a phase voltage of 120 
V rms and positive phase sequence supplies a balanced motor load at 260 kVA at 0.85 pf 
lagging. The motor load is connected to the three main lines marked a, b, and c. In 
addition, incandescent lamps (unity pf) are connected as follows: 24 kW from line c to 
the neutral, 15 kW from line b to the neutral, and 9 kW from line c to the neutral. 

(a) If three wattmeters are arranged to measure the power in each line, calculate the 
reading of each meter. 

(b) Find the magnitude of the current in the neutral line. 


a o - 

h o 





o 

d 0 



Motor load 

o 

o 

o 

k> 

o 

o 

260 kVA, 
0.85 pf, lagginj 


24 kW 15 kW 9kW 
Lighting loads 


Figure 12.72 
ForProb. 12.67. 

* An asterisk indieates a ehallenging problem. 
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Chapter 12, Solution 67. 


(a) The power to the motor is 

Pt = ScosG = (260)(0.85) = 221 kW 

The motor power per phase is 
= ^p.j, = 73.67 kW 

Hence, the wattmeter readings are as follows: 
W, = 73.67 + 24= 97.67 kW 

W, = 73.67 + 15= 88.67 kW 
W =73.67 + 9= 82.67 kW 


(b) The motor load is balanced so that = 0. 
For the lighting loads, 

24,000 

T. = ^-= 200 A 


120 

15,000 

120 

9,000 

120 


:125 A 


75 A 


If we let 


I, =I^Z0°=200Z0°A 
I, =125Z-120°A 
= 75Z120°A 


Then, 


IN-Ia+I.+Ic 


■If, =200+ (125) -0.5-j 




( 


+ (75) 


-0.5 + j 




-In =100-j43.3 A 

|In|= 108.97 A 
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Chapter 12, Problem 68. 


Meter readings for a three-phase wye-connected altemator supplying power to a motor 
indicate that the line voltages are 330 V, the line currents are 8.4 A, and the total line 
power is 4.5 kW. Find: 


(a) the load in VA 

(b) the load pf 

(c) the phase current 

(d) the phase voltage 


Chapter 12, Solution 68. 

(a) S = V3 VlIl = %/3 (330)(8.4) = 4801 VA 


(b) P = Scos6 


pf = COS0 = — 

S 


4500 

pf = - 0.9372 


4801.24 


(c) For a wye-connected load, 


I^=Il = 8.4A 


V 330 

(d) V = -p = -^ = 190.53 V 
”73 73 - 
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Chapter 12, Problem 69. 


A certain store contains three balanced three-phase loads. The three loads are: 

Load 1:16 kVA at 0.85 pf lagging 
Load 2: 12 kVA at 0.6 pf lagging 
Load 3: 8 kW at unity pf 

The line voltage at the load is 208 V rms at 60 Hz, and the line impedance is 

0.4 + 7 O .8 fl . Determine the line current and the complex power delivered to the loads. 

Chapter 12, Solutìon 69. 

For load 1, 

Si = cos JS^ sin 

p/= 0.85 = cos 6 >^ -> 0^=3Ì.7T 

5i = 13.6 + 78.43 kVA 

For load2, 

;^ = 12v0.6 + 7l2v0.8 = 7.2 + j9.6 kVA 
For load 3, 

S 3 =8 + 7 O kVA 

5 = 5i+;^ + ;^ = 28.8 + 7l8.03 - 28.8+Ì18.03 kVA 
But Sp = VpIp* withIp = lL 

f _ Sp _ (28800 + jl8030) 

^ ~ Vp ” 3x120.08 

II = 79.95 - j50.05 = 94.32Z-32.05° A . Note, this is relative to 120.08Z0“ V. If we 
assume a positive phase rotation and Vab = 208Z0°, then Van = 120.08Z-30“ which 
yields la = 94.32Z-62.05° A . L = 94.32Z177.95° A . L = 94.32Z57.95° A . 
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Chapter 12, Problem 70. 


The two-wattmeter method gives P, = 1200 W and = —400 W for a three-phase motor 
running on a 240-V line. Assume that the motor load is wye-connected and that it draws a 
line current of 6 A. Calculate the pf of the motor and its phase impedance. 


Chapter 12, Solution 70. 


Pt =Pi+P2 =1200-400 = 800 
Qt = Pj - Pi =-400 -1200 =-1600 



-1600 

800 


+ 0 =-63.43° 


pf = cosO = 0.4472 (leadíng) 


V, 240 


Zp = 40Z-63.43° a 
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Chapter 12, Problem 71. 


In Fig. 12.73, two wattmeters are properly connected to the unbalanced load supplied by 
a balanced source sueh that = 208 Z0° V with positive phase sequence. 

(a) Determine the reading of each wattmeter. 

(b) Calculate the total apparent power absorbed by the load. 





Figure 12.73 

ForProb. 12.71. 
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Chapter 12 , Solution 71. 


(a) If = 208Z0°, V,, = 208Z-120°, = 208Z120° 


208 Z0° 

20 

208Z-120 


I 0 V 2 Z -45 


10.4Z0° 

= 14.708Z-75° 


208Z120° 

13Z22.62° 


= 16Z97.38° 


IaA=lAB-IcA=10.4Z0°-16Z97.38° 
=10.4 +2.055-jl 5.867 
=20.171Z-51.87° 


Icc =Ica-Ibc =16^97.83°-14.708Z-75° 
I,c =30.64 ZlOl.03° 

= I ''^ab 11 laA I - Ol^^ ) 

Pj =(208)(20.171)cos(0° + 51.87°) = 2590 W 


1*2 ~ I ^cb 11 IcC I *^0®(Ov;i, 0[^^ ) 

But V,,=-V,, = 208Z60° 

Pj = (208)(30.64)cos(60°-101.03°) = 4808 W 


(b) Pt =Pi+P2 = 7398.17 W 

Qt = V3 (P 2 - Pi) = 3840.25 VAR 
St = Pt +jQT = 7398.17 +j3840.25 VA 
=|St 1 = 8335 VA 
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Chapter 12, Problem 72. 


If wattmeters and fVz are properly eonneeted respectively between lines û and b and 
lines b and c to measure the power absorbed by the delta-conneeted load in Fig. 12.44, 
predict their readings. 


Chapter 12, Solution 72. 

From Problem 12.11, 

=220Z130^V and =30Z180^A 

= (220)(30)eos(130^-180^) = 4242 W 

VcB = -Vbc = 220Z190^ 

=30Z-60^ 

P^ = (220)(30)cos(190^+ 60^) = - 2257 W 
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Chapter 12, Problem 73. 


For the circuit displayed in Fig. 12.74, find the wattmeter readings. 



Figure 12.74 

ForProb. 12.73. 
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Chapter 12, Solution 73. 


Consider the circuit as shown below. 




240Z-60° V 


240Z-120‘=’ V 



I L 


Z = 10 + j30 = 31.62Z71.57° 


I. 


240Z-60° 

31.62Z71.57° 

240Z-120° 

31.62Z71.57° 


7.59Z-131.57° 

7.59Z-191.57° 


I^Z + 240Z-60°-240Z-120°= 0 
-240 


I 


31.62Z71.57° 


■ = 7.59Z108.43= 


I, =1,-I, =13.146Z-101.57° 

=1, +1, =13.146Z138.43° 

Pj =Re[v, Ij ] = Re[(240Z-60°)(13.146Z101.57°)]= 2360 W 
Pj = Re[ Vj i; ] = Re[ (240Z - 120°)(13.146Z -138.43°) ] = - 632.8 W 
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Chapter 12, Problem 74. 


Predict the wattmeter readings for the circuit in Fig. 12.75. 



Figure 12.75 

ForProb. 12.74. 
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Chapter 12, Solution 74. 


Consider the circuit shown below. 


Z = 60-j30a 



Formesh 1, 

208 = 2ZI^-ZI, 


For mesh 2, 

-208Z-60° = -ZIj +2ZI2 

In matrix form, 


208 


'2Z 

-z 

ri,i 

_-208Z-60°_ 


-z 

2Z_ 

Li.J 


A = 3Z\ =(208)(1.5 + j0.866)Z, A^ = (208)(jl.732)Z 


A, (208)(1.5 + j0.866) 

Ii = -T = = 1.789Z56.56‘^ 

‘ A 3)(60-j30) 


A, (208)(jl.732) 

I,= — / =1.79Z116.56° 

^ A (3)(60-j30) 

=Re[v, i; ] = Re[ (208)(1.789Z-56.56°)] = 208.98 W 


P, = Re[ Vj (-IJ* ] = Re[ (208Z - 60°))(1.79Z63.44°) ] = 371.65 W 
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Chapter 12, Problem 75. 


A man has a body resistance of 600 íí. How mueh eurrent flows through his ungrounded 
body: 

(a) when he touehes the terminals of a 12-V autobattery? 

(b) when he stieks his fínger into a 120-V light socket? 

Chapter 12, Solution 75. 

V 12 

(a) I = — = — = 20 mA 

^ ' R 600 - 

V 120 

(b) I = —=-= 200mA 

^ ^ R 600 - 

Chapter 12, Problem 76. 

e<î>d Show that the 7^7? losses will be higher for a 120-V appliance than for a 240-V 
appliance if hoth have the same power rating. 

Chapter 12, Solution 76. 

If both applianees have the same power rating, P, 



P 

Forthe 120-V appliance, I, =-. 

' 120 


For the 240-V appliance, I, =-. 

" 240 


Power loss =P R 


P"R 

, Ï2Ô^ 

P"R 

. 240 " 


for the 120-V appliance 
for the 240-V appliance 


Since 


1 1 
120" ^ 240" 


the losses in the 120-V appliance are higher . 
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Chapter 12, Problem 77. 

A three-phase generator supplied 3.6 kVA at a power factor of 0.85 lagging. If 2500 W 
are delivered to the load and line losses are 80 W per phase, what are the losses in the 
generator? 

Chapter 12, Solutìon 77. 

P«=PT-P,„ad-P,^., Pf = 0.85 

But P.p = 36OOcos0 = 3600 xpf = 3060 
Pg = 3060- 2500- (3)(80) = 320 W 


Chapter 12, Problem 78. 

A three-phase 440-V, 51-kW, 60-kVA induetive load operates at 60 Hz and is wye- 
conneeted. It is desired to eoneet the power faetor to 0.95 lagging. What value of 
eapaeitor should be plaeed in parallel with eaeh load impedanee? 

Chapter 12, Solutíon 78. 

51 

cosO, = —= 0.85 -> e, =31.79° 

60 

Q, = S, sine, = (60)(0.5268) = 31.61 kVAR 
Pj = P, =51kW 

eose2 = 0.95 -e, =18.19° 

P, 

S, = —^ = 53.68 kVA 

eos0j 

^S^sme^ =16.759 kVAR 
Qc =Q,-Q2 =3.61-16.759 = 14.851 kVAR 
For each load, 

Q. 

Q„ = 3^ = 4.95 kVAR 
Q., _ 4950 

mV’ (2ll)(60)(440)’ _^_!1_ 
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Chapter 12, Problem 79. 


A balanced three-phase generator has an abc phase sequence with phase voltage 

= 255 V. The generator feeds an induction motor which may be represented by a 
balanced Y-connected load with an impedance of 12 +75 Q per phase. Find the line 
cunents and the load voltages. Assume a line impedance of 2 T2 per phase. 


Chapter 12, Solution 79. 

Consider the per-phase equivalent circuit below. 


la 2n 



A 


Zy = 12 + jS 
N 


V 


aii 


Zy + 2 


255Z0° 
14 + j5 


17.15Z-19.65° A 


Thus, 

I, = I^Z -120° = 17.15Z - 139.65° A 
I, =rzl20°=17.15Z100.35°A 


=r Zy =(17.15Z-19.65°)(13Z22.62°)= 223Z2.97°V 


Thus, 

Vbn = VanZ-120°= 223Z-117.03° V 
VcN = V^n^120° = 223Z122.97° V 
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Chapter 12, Problem 80. 


A balanced three-phase source fumishes power to the following three loads: 

Load 1: 6 kVA at 0.83 pf lagging 

Load 2: urLknown 

Load 3: 8 kW at 0.7071 pf leading 

If the line cunent is 84.6 A mis, the line voltage at the load is 208 V nns, and the 
combined load has a 0.8 pf lagging, detennine the urLknown load. 


Chapter 12, Solutìon 80. 


S = S, + S^ + S,=6[0.83 + ysin(cos ‘ 0.83)]+ 5^+8(0.7071-70.7071) 

5 = 10.6368-72.31+ 52kVA (1) 

But 

5 = a/3Fì/ìZ6' = V3(208)(84.6)(0.8 + 70 . 6 )VA = 24.383+ j 18.287 kVA (2) 

From (1) and (2), 

= 13.746 + 720.6 = 24.76Z56.28 kVA 
Thus, the unknown load is 24.76 kVA at 0.5551 pf lagging . 
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Chapter 12, Problem 81. 

A professional center is supplied by a balaneed three-phase souree. The center has four 
balanced three-phase loads as follows: 

Load 1: 150 kVA at 0.8 pf leading 
Load 2: 100 kW at unity pf 
Load 3: 200 kVA at 0.6 pf lagging 
Load 4: 80 kW and 95 kVAR (inductive) 

If the line impedance is 0.02 + 70.05 Q per phase and the line voltage at the loads is 
480 V, fínd the magnitude of the line voltage at the source. 

Chapter 12, Solutìon 81. 

pf = 0.8 (leading) -> 0, =-36.87^ 

S, =150Z-36.87°kVA 

pf = L0 -> 02=0^ 

5 2 =100Z0^kVA 

pf = 0.6 (lagging) -> 03 = 53.13'^ 

5 3 =200Z53.13^kVA 


S 4 =80 + j95kVA 


S — S| + S 2 + S 3 + S 4 
S = 420 + jl 65 = 451.2 Z2 1.45^ kVA 

S = V3VJ, 

S 451.2x10' 

1. = -p— = —p-= 542.7 A 

V3Vl V3x480 

For the line, 

S L = 3 Z L = (3)(542.7r (0.02 + j0.05) 
Sl =17.67+ j44.18kVA 
At the source, 

Sl =S + Sl =437.7+ j209.2 
Sl = 485.1Z25.55°kVA 


Vt 


S.f 

V3Il 


485.1x10' 
V3 X 542.7 


= 516V 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reseived. No pait 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher, or used bevond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without permission. 




Chapter 12, Problem 82. 


A balanced three-phase system has a distribution wire with impedance 2 +76 per 
phase. The system supplies two three-phase loads that are connected in parallel. The first 
is a balanced wye-connected load that absorbs 400 kVA at a power factor of 0.8 lagging. 
The second load is a balanced delta-connected load with impedance of 10 +78 Q per 
phase. If the magnitude of the line voltage at the loads is 2400 V iTns, calculate the 
magnitude of the line voltage at the source and the total complex power supplied to the 
two loads. 


Chapter 12, Solutíon 82. 


S, =400(0.8 + 70 . 6 ) = 320 + 7240 kYA, 
For the delta-connected load, 



Si = = 1053.7 + y842.93 kVA 

l_0-y8 

5 = + 52 = 1.3737 + jl .0829 MVA 

Let I = Ii +12 be the total line cuirent. For Ii, 


. Vr 

S =3V I i V = — 

' " ’ Vs 

S, (220 + J240)xl0^ 
V3(2400) 

For I 2 , convert the load to wye. 


=76.98-757.735 


/, =/„V3Z-30" =^^^V3Z-30" =273.1-/289.76 
" " 10 + 78 

I = =350-7-347.5 

V ^= V ^+ F;. „ = 2400 + /(3 + 76) = 5.185 + 71.405 kV -> 


I 1= 5.372 kV 
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Chapter 12, Problem 83. 


A commercially available three-phase inductive motor operates at a full load of 120 hp (1 
hp = 746 W) at 95 percent efficiency at a lagging power factor of 0.707. The motor is 
connected in parallel to a 80-kW balanced three-phase heater at unity power factor. If the 
magnitude of the line voltage is 480 V iTns, calculate the line cunent. 


Chapter 12, Solutìon 83. 


5^ = 120x746x0.95(0.707-h 70.707) = 60.135-h 760.135kVA, =80kVA 


S = S,+S^ = 140.135-h 760.135 kVA 


But I 5 N 


> h 




152.49x10^ 


183.42A 
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Chapter 12, Problem 84. 


* Figure 12.76 displays a three-phase delta-connected motor load which is connected to 
a line voltage of 440 V and draws 4 kVA at a power factor of 72 percent lagging. In 
addition, a single 1.8 kVAR capacitor is connected between lines a and b, while a 800-W 
lighting load is connected between line c and neutral. Assuming the abc sequence and 
taking , find the magnitude and phase angle of cuiTents C, C, I,, and 





Figure 12.76 

ForProb. 12.84. 


* An asterísk indicates a challenging problem. 
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Chapter 12, Solutíon 84. 


We fírst fínd the magnitude of the various cuiTents. 
For the motor, 

S 4000 

1. = -p— =-^ = 5.248 A 

VSV, 440 VS 


Forthe eapacitor, 


Qc 1800 

Ic =^ = -rfír = 4.091 A 
^ Vl 440 


For the lighting, 


440 

V = ^ = 254 V 

” V3 


Plì 800 


Consider the fígure below. 


la II 
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IfV.„=V^ZO^ 


V„,=V3V^Z30° 

V„„=V^Z120° 

V 

=^^ = 4.091Z120° 


V 

Ij =^ = 4.091Z(e + 30°) 
where 0 = eos-‘(0.72) = 43.95° 

Ij =5.249Z73.95° 

1 2 =5.249Z-46.05° 

1 3 =5.249Z193.95° 

V 

Ir. = —= 3.15Z120° 

L, 

Thus, 

I^ =1^+1^ =5.249 Z73.95°+4.091Z120° 

I„ = 8.608Z93.96° A 


I^ = 1 ^- 1 ^ =5.249Z-46.05°-4.091Z120° 

I, = 9.271Z - 52.16° A 


I^ = I 3 -^I^. = 5.249Z193.95° + 3.15Z120° 

I„ = 6.827Z167.6° A 


I^ =-I^. =3.1SZ-60°A 
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Chapter 12, Problem 85. 

e^)d Design a three-phase heater with suitable symmetrie loads using wye-eonnected 
pure resistance. Assume that the heater is supplied by a 240-V line voltage and is to give 
27 kW of heat. 


Chapter 12, Solutìon 85. 

Let Zy = R 

Vl 240 

V =-^ = -^ = 138.56 V 

” Vs Vs 

27 . V; 

p = V„T = —= 9kW = — 

V; (138.56)^ 

p - 

Thus, Zy 


9000 

= 2.133 Q 
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Chapter 12, Problem 86. 


For the single-phase three-wire system in Fig. 12.77, find cuiTents I/,s, and 


120/0° V nns 




L íi 

-AWV- 


1 íì 

wwv- 


120/0° V 


rms 


ï 


1 a 

-AWV- 


24-72 0 


15+74 0 


Figure 12.77 

ForProb. 12.86. 
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Chapter 12, Solutíon 86. 

Consider the circuit shown below. 


in 



For the two meshes, 

120 = (26-j2) 1,-1, 
120 = (17 + j4)I,-I, 
In matrix foim. 


( 1 ) 

( 2 ) 


‘l20‘ 


‘26-j2 

-1 


_120_ 


-1 

17 + j4_ 

-f- 


A = 449 + j70, A,=(120)(18 + j4), A, = (120)(27-j2) 


A, 120x18.44 Z12.53° 

I, = — =-= 4.87Z3.67° 

‘ A 454.42Z8.86° 




120 X27.07Z-4.24° 
454.42Z8.86° 


7.15Z-13.1° 


=1, =4.87Z3.67°A 


=-I^ = 7.15Z166.9° A 


I2-I1 


A,-A, 


(120)(9-j6) 
449 + j70 


= 2.856Z-42.55° A 
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Chapter 12, Problem 87. 


Consider the single-phase three-wire system shown in Fig. 12.78. Find the cuiTent in the 
neuti'al wire and the complex power supplied by each source. Take V, as a 115 Z0° -V, 
60-Hz source. 


1 a 



Figure 12.78 

ForProb. 12.87. 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou aie using it without permission. 
















Chapter 12, Solutíon 87. 

L = 50 mH 
Consider the eireuit below. 


> jcoL = j(2n)(60)(5010-') = jl8.85 


in 


115 


115 



15+jl8.85Q 


Applying KV1 to the three meshes, we obtain 
23Ii-2l2-20l3 =115 
-2Ii+33l2-30l3 =115 
-201,-3012 + (65+ jl 8.85)13 =0 


( 1 ) 

( 2 ) 

( 3 ) 


In matrix foim, 


■ 23 

-2 

-20 

X 


Ì15' 

-2 

33 

-30 

h 

= 

115 

-20 

-30 

65 + jl8.85 

_h_ 


0 


A = 12,775 + jl 4,232, A, = (115)(1975 + j659.8) 

Aj =(115)(1825 + j471.3), A^ =(115)(1450) 


1 * 

Iz 


A, 115x2082Z18.47° 

A ” 19214Z48.09° 

A^ 115xl884.9Z14.48° 
19124Z48.09° 


= 12.52Z-29.62° 


11.33Z-33.6L 


= I2-I,= 


A^-A, _ (115)(-150-jl88.5) 
A ~ 12,775+ jl 4,231.75 


= 1.448Z -176.6° A 


S, = V, Ij = (115)(12.52Z29.62°) = 1252 + j711.6 VA 

Sj =(115)(1.33Z33.61°) = 1085 + j721.2VA 
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Chapter 13, Problem 1. 

For the three coupled eoils in Fig. 13.72, calculate the total inductance. 


2H 



o —- o 

6H 8H 10 H 

Figure 13.72 
ForProb. 13.1. 

Chapter 13, Solution 1. 

For eoil 1, Li - M 12 + M 13 = 6- 4 + 2 = 4 
For coil 2, L. - M.i- M 23 = 8 - 4 - 5 = - 1 
For coil 3, L 3 + M 3 Ì - M 32 =10 + 2- 5= 7 
Lt = 4-1 + 7 = lOH 

or L7 = Li + L2 + L3 — 2 M^ì2 — 21^23 + 2]Mì2 


Lt = 6 + 8 + 10 = lOH 


Chapter 13, Problem 2. 

Detemiine the inductance of the three series-conneeted induetors of Fig. 13.73. 


4H 



o — ^^imn -— o 

10 H 12 H 8H 


Figure 13.73 

ForProb. 13.2. 


Chapter 13, Solution 2. 

L = Li + L2 + L3 + 2 Mì 2 — 2M23 —2M3Ì 


= 10 + 12 +8 + 2x6 - 2x6 -2x4 


= 22H 
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Chapter 13, Problem 3. 


Two coils connected in series-aiding fashion have a total inductance of 250 mH. When 
connected in a series-opposing confìguration, the coils have a total inductance of 150 
ruH. If the inductance of one coil (Li) is three times the other, fìnd Li, L^, and M. What is 
the coupling coeffìcient? 


Chapter 13, Solution 3. 


Li + L. + 2M = 250 mH 

(1) 

Lì + L 2 - 2 M = 150 mH 

(2) 

Adding (1) and (2), 


2 Li 

+ 2 L 2 = 400 mH 

But, Li = 3L2,, or 8 L 2 + 400, 

and L 7 = 50 mH 


U = 3L2 = 150 mH 

From(2), 150 + 50-2M = 150 leadstoM = 25 mH 

k = M/ 7 L 1 L 2 = 25/V50xl50 = 0.2887 
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Chapter 13, Problem 4. 


(a) For the coupled coils in Fig. 13.74(a), show that 

Leq = Ll + L 2 + 2M 

(b) For thc couplcd coils in Fig. 13.74(b), show that 

^ ^ LA-M^ 

L, + L^-2M 


L 



(a) 



(b) 


Figure 13.74 

ForProb. 13.4. 
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Chapter 13, Solution 4. 

(a) For the series eonnection shown in Figure (a), the cuiTent I enters each coil from 
its dotted teiminal. Therefore, the mutually induced voltages have the same sign as the 
self-induced voltages. Thus, 

Leq = L| + Li + 2M 


(b) 


Li 



(a) 

For the parallel coil, eonsider Figure (b). 


L 



h = Ii +12 and Zeq = Vs/Is 
Applying KVL to eaeh branch gives. 


or 


Vs = jcoLiIi + jcoML 


Vs = jcoMIi + jco L2I2 




V. 



jcûLi 

jcoM 


jcûMTI, 

jraLiÌT 


( 1 ) 

( 2 ) 


A = -C 0 T 1 L 2 + ío^M^ Ai = jcoVs(L 2 - M), A 2 = jcoVs(Li - M) 


1] = Aj/A, and I 2 = A^/A 


L = Ii + I2 = (Ai + A2)/A = jco(Li + L2 - 2 M)Vs/( -co^(LiL2 - M^)) 

= (Li + L2 - 2 M)Vs/( jco(LiL 2 - M^)) 

Zeq = Vs/Is = jco(LiL2 - M^)/(Li + L2 - 2 M) = jcoLeq 

i.e., Leq = IL.L, - M^Ì/tL, + U- 2MÌ 
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Chapter 13, Problem 5. 


Two coils are mutually coupled, with Li = 25 mH, = 60 mH, and k = 0.5. Calculate the 
maximum possible equivalent inductance if: 

(a) the two coils are connected in series 

(b) the coils are connected in parallel 


Chapter 13, Solution 5. 


(a) If the coils are connected in series, 


L = L, + Lj + 2M = 25 + 60 + 2(0.5)^25x60 = M?,.l mfí 
(b) If they are connected in parallel. 




25x60-19.36" 


L^ + L^ - 2M 25 + 60 - 2x19.36 


mH= 24.31 mH 
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Chapter 13, Problem 6. 


The coils in Fig. 13.75 have L\ = 40 mH, = 5 mH, and coupling coefticient k = 0.6. 
Find i\ (t) and given that vi(t) =10 cos co t and hit) = 2 sin cot, co = 2000 rad/s. 


M 



Figure 13.75 
ForProb. 13.6. 
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Chapter 13, Solution 6. 


M = k.,jLJ^ = 0.6a/40x 5 = 8.4853 mH 

40mH - > jú}L = j2000x40xl0 = jSO 

5mH - > j(oL = 72000 x 5 .t 10 = 7 IO 

8.4853m/í -> >M = 72000.ï8.4853x10 “'= 7 I 6.97 

We analyze the eireuit below. 

16.77 Q 



V, = ;80/,-jl6.97/, (1) 

V, =-16.97/,+ 7 IO/, (2) 

But V, = 10 < 0" and 4 = 2 < -90” = -jl. Substituting these in eq.(l) gives 
j V. + ;16.97/, 10 + j16.974-72) _q3^^3^ 

‘ 78 O 78 O 

i'i (t) = 0.5493 sinfut A 

From (2), 

V 2 = - 16 . 974 - 0 . 75493 ) + 7104 - 72 ) = 20 + 79 . 32 16 = 22.0656 <24.99” 
v^í) = 22.065 eos( 6 j? +25”) V 
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Chapter 13, Problem 7. 

^ ±É 

PS ML For the circuit in Fig. 13.76, find 

jin 



Figure 13.76 

ForProb. 13.7. 

Chapter 13, Solution 7. 

We apply mesh analysis to the circuit as shown below. 



Formesh 1, 

12 = Ij2 + j6) + jI, (1) 

For mesh 2, 

0 = 77,+(2-jl + j4)7, 
or 

0 = j7,+(2 + j3)/, (2) 


In matrix form, 


“12“ 


~2 + j6 

J 

0 


i 

2 + j3_ 


/, =-0.438 l + jO.3164 


h 

h 


Vo = I 2 XI = 540.5Z144.16° mV . 
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Chapter 13, Problem 8. 

P® ML Find v(t) for the circuit in Fig. 13.77. 



Figure 13.77 
ForProb. 13.8. 

Chapter 13, Solution 8. 

2H -> jcoL = j4x2 = 78 

ÌH -> jcoL = j4xì = j4 

Consider the circuit below. 

4 




2 = (4 + jS)I,-j4I, (1) 

0 = -j4I, + (2 + j4)I, (2) 

In matrix form, these equations become 


' 2 ' 


■ 4 +J 8 

-74 ■ 

'h 

_ 0 _ 


. -74 

2 + j4_ 

J 2 


Solving this leads to 

l2 = 0.2353 -j0.0588 
V = 2 X 2 = 0.4851 <-14.04° 

Thus, 

v(t) = 0.4851cos(4/-14.04^) Y 
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Chapter 13, Problem 9. 


±É 

PS ML Find \x in the network shown in Fig. 13.78. 


8/30° V 



(P 


Figure 13.78 
ForProb. 13.9. 


Chapter 13, Solution 9. 

Consider the circuit below. 


in 2Q -ji 



For loop 1, 


8Z30° = (2+j4)Ii-jl2 

For loop 2, (04 + 2 - j)!. - jh + (-j2) = 0 

or h = (3-j2)Ì2-2 

Substituting (2) into (1), 8Z30° + (2 + j4)2 = (14 + j7)l2 

I 2 = (10.928+jl2)/(14+j7) = 1.037Z21.12° 


Vx = 2 I 2 = 2.074Z21.12^ 


( 1 ) 

( 2 ) 
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Chapter 13, Problem 10. 

a 

P® ML Find v„ in the circuit ofFig. 13.79. 

0.5 H 


O 



Figure 13.79 
ForProb. 13.10. 

Chapter 13, Solution 10. 

2H -> jcoL = j2x2 = j4 

0.5H -> já}L = 72x0.5 = j 

ÌF- ^ 1/ =—^ = 

2 /jcoC j2xl/2 


Consider the circuit below. 





-j 


2A = jAI,-j/ (1) 

0 = -j7,+(j4-j)/, -> 0 = -/, + 3/, (2) 

In matrix form, 


'24' 


■/4 -i' 

'h 

_ 0 _ 


-1 3 

J2. 


Solving this, 

/,=-j2.1818, y„ =-74 =-2.1818 


v. = -2.1818cos2tV 
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Chapter 13, Problem 11. 


ML Use mesh analysis to find 4 in Fig. 13.80, where 
4 = 4 cos(600t) A and v,, = 110 cos(600r + 30'') 



• 800 mH 150 Q 

- 'irr' -— II - vwv — 



Figure 13.80 

ForProb. 13.11. 


Chapter 13, Solution 11. 

^OOmH - > jû}L = j600x^00x10 = j480 

600mH - > jcoL = 7600x600x10 = 7360 

1200m7í -> jcoL = 7600 x 1200 x 10 = 7720 

12|aF^^ =- ^ -- =-j 138.89 

j®C 600x12x10“^ 
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After transforming the euiTent souree to a voltage souree, we get the eireuit shown below. 


200 j480 -jl38.89 150 



For mesh 1, 

800 = (200-t 7480-tj720)/i + jllOI^ 

or 

800 = (200 + 7l200)/i-;360/2 (1) 

For mesh 2, 

110Z30° + 150-jl38.89+j720)l2 + j360Ii = 0 
or 

-95.2628 - 755 = -7360/, +(150+7581.1)/^ (2) 

In matiix foim, 


800 


“200 + 71200 

-/360 


-95.2628-755_ 


-/360 

150 + 7581.1_ 

J2_ 


Solving this using MATLAB leads to: 

» Z = [(200+1200i),-360i;-360i,(l 50+58 l.li)] 

Z = 

l.Oe+003 * 

0.2000 + 1.2000Ì 0-0.3600Ì 

0-0.3600Ì 0.1500 +0.581 li 
»V = [800;(-95.26-55i)] 

V = 

l.Oe+002 * 

8.0000 

-0.9526 - 0.5500Ì 
»I = inv(Z)*V 
1 = 

0.1390-0.7242Ì 
0.0609 - 0.2690Ì 

Ix = Ii -12 = 0.0781 - jO.4552 = 0.4619Z-80.26". 

Henee, L = 461.9cosI600t-80.26°) mA . 

PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou aie using it without permission. 



























Chapter 13, Problem 12. 


DeteiTtiine the equivalent L^q in the circuit of Fig. 13.81. 


4H 



Figure 13.81 

ForProb. 13.12. 

Chapter 13, Solution 12. 


Let co-\. j4 



Applying KVL to the loops, 

l = j8/i+;4/, (1) 

0 = ;4/,+jl8/, (2) 

Solving (1) and (2) gives Ii =-j0.1406. Thus 

We can also use the equivalent T-section for the tiansfoiTn to find the equivalent 
inductance. 
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Chapter 13, Problem 13. 


±i 

PS ML For the circuit in Fig. 13.82, dctciminc thc impcdancc sccn by thc sourcc. 


16 / 0 ! (í 



Figure 13.82 

ForProb. 13.13. 


Chapter 13, Solution 13. 


:4 + j -(2 + 5 ) + t 


j5 + 4-j + j2 


:4 + j7 + 


4 + j6 


4.308+Ì6.538 O . 
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Chapter 13, Problem 14. 


Obtain the Thevenin equivalent circuit for the circuit in Fig. 13.83 at teiTninals a-b. 
/2r2 



b 


1 


Figure 13.83 
ForProb. 13.14. 

Chapter 13, Solution 14. 

To obtain Vtii, convert the current source to a voltage source as shown below. 



-wv 



0 


0 


Note that the two coils are connected series aiding. 

coL = coLi + C0L2 - 2 coM 
jcoL = j6 +j8 -j4 = jlO 

Thus, -jlO + (5 + jlO - j3 + 2)1+8 = 0 

I = (-8+jl0)/{7+j7) 

But, -j 10 + (5 + j6)I - j2I + Vti. = 0 

Vti. = jlO-(5+j4)I = jl0-(5+j4){-8+jl0)/(7+j7) 
Vti. = 5.349Z34.11° 
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To obtain Ztii, we set all the sources to zero and insert a 1-A current source at the terminals 
a-b as shown below. 


j2 

5Í2 ,j6Q ,j8íì -,|3a 2Q 



Clearly, we now have only a super mesh to analyze. 

(5+j6)Ii-j2l2 + (2+j8-j3)l2-j2C = 0 



(5+j4)Ii + (2+j3)l2 = 0 

(1) 

But, 

It — Ij — 1 or It — I) — 1 

(2) 

Substituting (2) into (1), 

(5+j4)Ii+(2+j3)(l+I0 = 0 



I: = -(2+j3)/(7+j7) 



Now, ((5+j6)C-j2C + V„ = 0 

V„ = -(5+j4)T = (5+j4)(2+j3)/(7+j7) = (-2 + j23)/(7 + j7) = 2.332Z50° 
Zih = Vo/1 = 2,332Z50^ ohms 
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Chapter 13, Problem 15. 


Find the Noiton equivalent for the circuit in Fig. 13.84 at teiTninals a-b. 




8Q/D° V 



-o 

a 


2Q 

h 


Figure 13.84 

ForProb. 13.15. 
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Chapter 13, Solution 15. 


To obtain In, shoit-circuit a-b as shown in Figure (a). 



Formesh 1, 


For mesh 2 , 



(a) (b) 

60Z30° = (20+jl0)Ii+j5l2-jl0l2 

or 12Z30° = ( 4 +j 2 )Ii-jl 2 


0 = 0'2O + jlO)l2+j5Ii-jlOIi 
or Ii = 6 I 2 

Substituting (2) into (1), 12Z30° = (24 + j 11)!^ 


( 1 ) 


( 2 ) 


1n = I 2 = 12Z307(24+jll) = 1.404Z9.44° A 

To find Zn, we set all the sources to zero and inseit a 1-volt voltage source at the a-b 
teiTninals as shown in Figure (b). 

Formeshl, 1 = Ii(jlO + j20 -j5x2) + -jlOI^ 

1 = j20Ii - j5l2 (3) 

Formesh2, 0 = (20 + jlO)!^ + j5Ii - jlOIi or (4 + j2)l2 - jli = 0 

or l 2 = jIi/(4+j2) (4) 

Substituting (4) into (3), 1 = j20Ii -jG5)Ii/(4 + j2) = (1 + jl9.5)Ii 

Ii = l/(-l +j20.5) 

Zn = l/Ii = (1 + Ì19.5) ohms 
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Chapter 13, Problem 16. 


±i 

P® ML Obtain the Noilon equivalent at temiinals a-b of the eircuit in Fig. 13.85. 





Figure 13.85 

ForProb. 13.16. 
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Chapter 13, Solution 16. 



-80 + (8-;2 + j4)/.-77,=0 -> (8 + j2)/, - j/, = 80 (1) 

j6/,-j/. =0 -> /.=6/, (2) 


Solving (1) and (2) leads to 
80 

h. =/, =-= 1.584- /0.362 = 1.6246Z-12.91” A 

48 + jll - 


To fïnd Zn, insert a 1-A cunent souree at tenninals a-b. Transfonning the cunent source 
to voltage source gives the circuit below. 



0 = (8 + j 2 )/,-j/, -> (3) 

8+72 

2 + (2 + j 6 )/,-j/, =0 (4) 

Solving (3) and (4) leads to h = -0.1055 +j0.2975, Vab=-j 6 l 2 = 1.7853 +0.6332 


Zn = 


1 


1.894Z19.53°ÍT 
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Chapter 13, Problem 17. 

ML In the circuit oí Fig. 13.86, is a 15-mH inductor having an impcdancc oí j40 Q . 
Dctcrminc 2^ whcn k = 0.6. 


k 



Figure 13.86 

ForProb. 13.17. 

Chapter 13, Solution 17. 


j(oL = j40 


■» 



4Q 2667rad/s 
15x10-' 


M =iS:7Z^ = 0.6 Vl 2x10'x3 0x10' = 11.384 mH 


If 

15 mH 

-► 

40 0 

Then 

12 mH — 

-► 

32 0 


30 mH 

- ► 

80 0 


11.384 mH 

- ► 

30.36 0 


Thc circuit bccomcs that shown bclow. 



ZL~j40F2 


^in -+j32 + T 


co^M^ 


j80 + 60 + j40 


= 10 + j32 + 


(30.36)^ 


60 + jl20 


= 13.073 + Ì25.86 Q . 
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Chapter 13, Problem 18. 


±i 

P® ML Find the Thevenin equivalent to the left of the load Z in the eireuit of 
Fig. 13.87. 


k = 0.5 



Figure 13.87 

ForProb. 13.18. 
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Chapter 13, Solution 18. 

Let <y = l. Lj =5,L^ = 20,M = = 0.5.d0 = 5 

We replaee the transfoiTner by its equivalent T-seetion. 

L„ =L,-(-M) = 5-1-5 = 10, L,=L,+M = 20 + 5 = 25, L^.=-M=-5 

We fínd Zn, using the cireuit below. 


-j4 jlO j25 j2 



= j27 + (4 + j)//(j6) = j27 + = 2.215 -t j29.12fi 

4-1-7? - 

We fínd Vtii by looking at the circuit below. 


-j4 jlO j25 j2 



V„, = (120) = 61.37Z-46.22" V 

4-1-7 + 76 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher, or used bevond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without permission. 




Chapter 13, Problem 19. 


Deteiinine an equivalent T-seetion that ean be used to replaee the transfonner in 
Fig. 13.88. 


j25£ì 



Figure 13.88 
ForProb. 13.19. 

Chapter 13, Solution 19. 

Let £y = l. 4 =L;-(-M) = 40+25 = 65H 

4 =Lj+M =30 + 25 = 55H, 'L^=-M=-2S 

Thus, the T-seetion is as shown below. 

j65í2 j55f2 

___rv^_ 

--j25Q 
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Chapter 13, Problem 20. 


±i 

P® ML Detennine eunents Ii, I 2 , and I 3 in the eireuit of Fig. 13.89. Find the energy 
stored in the coupled coils at t = 2 ms. Take co = 1,000 rad/s. 


k = 0.5 



Figure 13.89 

ForProb. 13.20. 


Chapter 13, Solution 20. 

Transform the current source to a voltage source as shown below. 


k=0.5 

4ÇÌ jlO jlO 8Í1 
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( 1 ) 

( 2 ) 

A = 107+j60, Ai = -60-j296, A. = 40-jl00 

11 = Ai/A = 2.462Z72.18^ A 

1 2 = A 2 /A = 0.878Z-97.48^ A 

1 3 = Ii -l 2 = 3.329Z74.89^ A 
ii = 2.462 cos(1000t + 72.18°) A 
Ì 2 = 0.878 cos(1000t-97.48°) A 

At t = 2ms, lOOOt = 2rad = 114.6° 

ii = 0.9736cos(114.6°+ 143.09°) = -2.445 
Ì 2 = 2.53cos(114.6°+153.61°) = -0.8391 
The total energy stored in the coupled coils is 

w = 0.5Liii + O. 5 L 2 Ì 2 — h/Iiii^ 

Since coLi = 10 and co = 1000, L^ = L^ = 10 mH, M = 0.5Li = 5mH 

w = 0.5{10)(-2.445r + 0.5(10)(-0.8391)*-5(-2.445)(-0.8391) 

w = 43.67 mJ 


Formeshl, jl2 = (4 + jlO - j5)Ii + j5l2 + j^t = (4 + j5)Ii + jlOI^ 
Formesh2, 0 = 20 + (8 + jlO - j5)l2 + j5Ii + j5Ii 

-20 = +jlOIi + (8+j5)l2 

From (1) and (2), 


+2' 


■4 + j5 

+ jl0’ 


20 


+ jl0 

8 + j5 
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Chapter 13, Problem 21. 


±i 

P® ML Find Ii and I 2 in the circuit of Fig. 13.90. Calculatc thc powcr absorbcd by thc 
4-D rcsistor. 



Figure 13.90 

ForProb. 13.21. 


Chapter 13, Solution 21. 

Formcshl, 36Z30^ = (7 + j6)Ii - (2 + j)!^ (1) 

Formcsh2, 0 = (6 + j3 -j4)l2-2Ii -jli = -(2 + j)Ii + (6-j)!^ (2) 


Placing (1) and (2) into matiix foiTn, 


■36Z30°' 


0 



7 +j6 
-2-j 


-2-j I, 

6 - j il^ 


A = 45+j25 = 51.48Z29.05°, Aj = (6-j)36Z30° = 219Z20.54° 


A 2 = (2 + j)36Z30° = 80.5Z56.57°, Ii = Aj/A = 4.254Z-8.51° A , I 2 = A 2 /A = 

1.5637Z27.52° A 

Power absorbed by the 4-ohm resistor, 

= 0.5(l2)T = 2(1.5637)^ = 4.89 watts 
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Chapter 13, Problem 22. 


* Find cuiTent C in the circuit of Fig. 13.91. 


-j50 Q 



Figure 13.91 

ForProb. 13.22. 


* An asterisk indicates a challenging problem. 
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Chapter 13, Solution 22. 


With more complex mutually coupled circuits, it may be easier to show the effects of the 
coupling as sources in terms of cuiTents that enter or leave the dot side of the coil. Figure 
13.85 then becomes, 



la = I1-I3 
Ib = I2-I1 

lc = I3-I2 

and lo = I 3 

Now all we need to do is to wiite the mesh equations and to solve for lo. 

Loop #1, 

-50 + j 20 (l 3 - 12 ) j 40(Ii - 13 ) + jl 0 (l 2 - Ii) -j30(l3 - 12 ) + j80(Ii - 12 ) -jlO(Ii - 13 ) = 0 

jl00Ii-j60l2-j40l3 =50 

Multiplying everythingby (l/jlO)yields IOI 1 - 6 I 2 - 4 I 3 = -j5 (1) 
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Loop # 2, 

jlO(Ii - 13 ) + j80(l2-Ii) + j30(l3-l2) -j30(l2- Ii) + j60(l2 - 13 ) -j20(Ii - 13 ) + IOOI 2 = 
0 

-jóOIi + (100 + j80)l2 - j20l3 = 0 (2) 

Loop # 3, 

-j50l3 +j 20 (Ii -I 3 ) +j60(l3 -I 2 ) +j30(l2 -Ii) -jl 0 (l 2 -Ii) +j40(l3 -Ii) -j 20 (l 3 -I 2 ) = 0 


-j40Ii-j20l2+jl0l3 = 0 

Multiplyingby(l/jlO)yields, -4Ii - 2 I 2 + 13 = 0 (3) 

Multiplying (2) by (l/j20) yields -3Ii + (4 - j5)l2 - 13 = 0 (4) 

Multiplying(3)by (l/4)yields -L - O. 5 I 2 - O. 25 I 3 = 0 (5) 

Multiplying (4) by (-1/3) yields L - ((4/3) - j(5/3))l2 + ( 1 / 3)13 = -jO.5 (7) 

Multiplying [(6)+(5)] by 12 yields (-22 + j20)l2 + VL = 0 (8) 

Multiplying [(5)+(7)] by 20 yields -2212 - 3 I 3 = -jl 0 (9) 


( 8 ) leads to h = - 7 l 3/(-22 + j20) = 0.2355Z42.3° = (0.17418+jO. 15849)13 (10) 

(9) leads to I 3 = (j 10 - 22 l 2 )/ 3 , substituting ( 1 ) into this equation produces, 

I 3 =j3.333 + (-1.2273 -jl. 1623)13 
01 L=L = 1.3040^63“ amp. 
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Chapter 13, Problem 23. 


±i 

P® ML lfM= 0.2 H and v,v = 12 cos 10/ V in the circuit of Fig. 13.92, find i{ and h 
Calculate the energy stored in the coupled coils at / = 15 ms. 



Figure 13.92 

ForProb. 13.23. 
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Chapter 13, Solution 23. 


co = 10 


0.5 H converts to jcoLi = j5 ohms 

1 H converts to jcoL^ = jlO ohms 

0.2 H converts to jcoM = j2 ohms 

25 mF converts to l/(jcoC) = 1/(10x25x10'^) = -j4 ohms 
The frequency-domain equivalent circuit is shown below. 


j2 


j5 


jio 


For mesh 1, 


For mesh 2, 


From (1), 


-jl2 = li + 61. 

0 = {5+jlO)I.+j2Ii-(-j4)Ii 
0 = (5+jlO)l2 + j6Ii 
li = -jl2-6l2 


Substituting this into (2) produces, 

h = 72/(-5+j26) = 2.7194Z-100.89° 



( 1 ) 


( 2 ) 


Hence, 


li = -jl2-6l2 = -jl2-163.17Z-100.89 = 5.068Z52.54° 

ii = 5.068cosa0t +52.54^) A , C = 2.719cosa0t - 100.89^) A . 
At t = 15 ms, lOt = 10x15x10'^ 0.15 rad = 8.59° 


ii = 5.068cos(61.13°) = 2.446 
Ì 2 = 2.719cos(-92.3°) = -0.1089 

w = 0.5(5)(2.446)* + 0.5(l)(-0.1089)^-(0.2)(2.446)(-0.1089) = 15.02 J 
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Chapter 13, Problem 24. 


±i 

PS ML In the circuit ofFig. 13.93, 

(a) find thc coupling cocfficicnt, 

(b) calculatc v,,, 

(c) dctciTuinc thc cncrgy storcd in thc couplcd inductors at t = 2 s. 


12 cos At V 



+ 


Figure 13.93 
ForProb. 13.24. 

Chapter 13, Solution 24. 

(a) k = M/^ï^ = l/Vi^ = 0.3535 

(b) co = 4 

1/4 F lcadsto 1/GcoC) = -j/(4x0.25) = -j 
l||(-j) = -j/(l-j) = 0.5(1-j) 

1 H produccs jcoM = j4 
4 H produccs jl6 

2 H bccomcs j8 


j4 

2Q 
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12 = (2+jl6)Ii+j4l2 


01- 6 = (1 +j8)Ii +j2l2 (1) 

0 = 0'8 + 0.5-j0.5)l2+j4Ii or Ij = (0.5 + j7.5)l2/(-j4) (2) 

Substituting (2) into (1), 

24 = (-11.5-j51.5)12 or I 2 = -24/(11.5+j51.5) = -0.455Z-77.41° 
Vo = l2(0.5)(l -j) = 0.3217Z57.59° 

Vo = 321.7cos(4t + 57.6°) mV 

(c) From(2), Ii = (0.5 + j7.5)l2/(-j4) = 0.855Z-81.21° 

ii = 0.885cos(4t-81.21°) A, i^ = -0.455cos(4t-77.41°) A 

Att = 2s, 

4t = 8 rad = 98.37° 
ii = 0.885cos(98.37°-81.21°) = 0.8169 
Ì 2 = -0.455cos(98.37°-77.41°) = -0.4249 
w = 0.5Liii^ + 0.5L2Ì2^ + MÌ 1 Ì 2 

= 0.5(4)(0.8169)^ + 0.5(2)(-.4249)^ + (l)(0.1869)(-0.4249) = 1.168 J 
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Chapter 13, Problem 25. 


±i 

PS ML For the network in Fig. 13.94, find Z^/, and C 


12 sin 2f V 


k=0.5 



Figure 13.94 

ForProb. 13.25. 
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Chapter 13, Solution 25. 


m = = 0.5 H 

We transfomi the circuit to fìcqucncy domain as shown bclow. 

12sin2t convcitsto 12Z0°, co = 2 
0.5 F convcitsto l/(jcoC) = -j 
2 H bccomcs jcoL = j4 


ji 



Applying thc conccpt of rcflcctcd impcdancc, 

Z,, = (2 -j)||(l + j2 + (l)2/(j2 + 3 + j4)) 

= (2-j)||(l+j2 + (3/45)-j6/45) 

= (2-j)||(l+j2 + (3/45)-j6/45) 

= (2-j)||(1.0667+jl.8667) 

=(2-j)(1.0667+jl.8667)/(3.0667+j0.8667) = 1.5085Z17.9° ohms 
lo = 12Z07(Zab + 4) = 12/(5.4355+j0.4636) = 2.2Z-1.88° 

io = 2.2sint2t-4.88°l A 
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Chapter 13, Problem 26 . 


ps 


±t 


ML Find I,, in the circuit of Fig. 13.95. Switch thc dot on thc winding on thc right 
and calculatc lo again. 



Figure 13.95 

ForProb. 13.26. 
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Chapter 13, Solution 26. 



Formeshl, 200Z60° = (50 - j30 + j20)Ii + jlVIz = (50 - jlO)Ii + jlVI^ (I) 

Formesh2, 0= (10 + j40)l2 + jl7Ii (2) 

In matrix foim, 

'200^60°] _ [50-jlO jl7 Tli' 

0 jl7 10 + j4oJ|_l2_ 

A = 900+jl00, Ai = 2000Z60°(1+j4) = 8246.2Z136°, A^ = 3400Z-30° 

I 2 = A 2 /A = 3.755Z-36.34° 

lo = I 2 = 3.755Z-36.34° A 

Switching the dot on the winding on the right only reverses the direction of lo. This can 
be seen by looking at the resulting value of A^ whieh now becomes 3400Z150°. Thus, 

lo = 3.755Z143.66° A 
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Chapter 13, Problem 27. 


ps 

Fig. 


ML Find the average power delivered to the 50-F2 resistor in the eireuit of 
13.96. 


lOD 



Figure 13.96 

ForProb. 13.27. 

Chapter 13, Solution 27. 


\H -> jojL = 720 

2H -> jcoL = j40 

0.5H -> j(oL = j\0 

We apply mesh analysis to the eircuit as shown below. 

lOQ 
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To make the problem easier to solve, let us have I 3 flow around the outside loop as 
shown. 


Formesh 1, 

(8+j20)Ii-jT0l2 = 40 (1) 

For mesh 2 , 

-jl0Ii + (50+j40)l2 +5013 = 0 (2) 

For mesh 3, 

-40 + 5OI2 + 6OI3 = 0 ( 3 ) 

In matrix foim, ( 1 ) to ( 3 ) become 


■8 + j 20 

-jlO 

0 ‘ 


‘40“ 

-jlO 

50 + j40 

50 

1 = 

0 

0 

50 

60 


0 


» Z=[(8+20i),-10i,0;-10i,(50+40i),50;0,50,60] 

Z = 

8.0000+20.0000Ì O-lO.OOOOi 0 
O-lO.OOOOi 50.0000+40.0000Ì 50.0000 
0 50.0000 60.0000 

» V=[40;0;0] 

V = 

40 

0 

0 

»I=inv(Z)*V 
1 = 

0.8896- 1.8427Ì 
0.3051 -0.3971Ì 
-0.2543 + 0.3309Ì 

Solving this leads to I 50 = I 2 + I 3 = 0.0508 - j0.0662 = 0.08345Z-52.5° or Isomis = 
0.08345/1.4142 = 0.059. 

The power delivered to the 50-f2 resistor is 

p = (Isornisj^R = (0.059)^50 = 174.05 mW . 
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Chapter 13, Problem 28. 


ML In the circuit of Fig. 13.97, find thc valuc of X that will givc maximum powcr 
hansfcr to thc 20- Q load. 


jlOQ 

__tY .—^ 



Figure 13.97 

ForProb. 13.28. 
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Chapter 13, Solution 28. 

We fïnd Ztii by replacing the 20-ohm load with a unit souree as shown below. 


jlOíl 



For mesh 1, 0 = (S-jX + jU)I^ - jlOI^ (1) 

For mesh 2 , 

1 -r j\5I^ - 7 IO/, = 0 -> /, = 1 . 5/2 -O-l/ (2) 

Suhstituting (2) into (1) leads to 

j _-L 2 + ja 8 + (UX 
12 + j8-jl.5X 

^ 1 _ 12 + j8-jl.5X 

-/2 1 . 2 -; 0 . 8 - 0 . 1 X 

, , J 12 " +(8-1.5X)^ , 

I 1= 20 = ; ^ -U — -> 0 = 1.75X'+72X-624 

V(1.2-0.1X)"+0.8" 

Solving the quadratic equation yields X = 6.425 
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Chapter 13, Problem 29. 

In the circuit of Fig. 13.98, find the value of the coupling coeffìcient k that will make the 
10-Q resistor dissipate 320 W. For this value of k, fìnd the energy stored in the coupled 
coils at t = 1.5 s. 


k 



ForProb. 13.29. 

Chapter 13, Solution 29. 

30 mH becomes jcoL = j30xl0'^xl0^ = j30 

50 mH becomes j50 
Let X = coM 

Using the concept of reflected impedance, 

Zin = 10+j30 + X^/(20+j50) 

Ii = V/Zin = 165/(10+j30 + X^/(20+j50)) 
p = 0.5|Iip(10) = 320 leadsto |Iip = 64 or|Ii| = 8 
8 = |165(20+j50)/(X^ + (10+j30)(20+j50))| 

= 1165(20 + j50)/(X^ - 1300 + j 1100)1 
or 64 = 27225(400 + 2500)/((X^ - 1300)^ + 1,210,000) 

(X^-1300)^+ 1,210,000 = 1,233,633 
X = 33.86 or 38.13 
If X = 38.127 = coM 
M = 38.127 niH 

k = M/TUT = 38.127/^30x50 = 0.984 
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j38.127 



165 = (10+j30)I|-j38.127l2 (1) 

0 = (20+j50)l2-j38.127Ii (2) 


In matiix foim, 



10 +j30 
- j38.127 


- j38.127Tl, 
20 + j50 ll. 


A = 154+jllOO = 1110.73Z82.03°, Aj = 888.5Z68.2°, A^ = j6291 


Ii = Ai/A = 8Z-13.81°, I 2 = A 2 /A = 5.664Z7.97° 
ii = 8cos(1000t-13.83°), = 5.664cos(1000t + 7.97°) 

At t = 1.5 ms, lOOOt = 1.5 rad = 85.94° 
ii = 8cos(85.94°-13.83°) = 2.457 
Ì 2 = 5.664cos(85.94° + 7.97°) = -0.3862 
w = 0.5Liii^ + 0.5L2Ì2^ + MÌ 1 Ì 2 

= 0.5(30)(2.547)^ + 0.5(50)(-0.3862)^ - 38.127(2.547)(-0.3862) 

= 130.51 mJ 
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Chapter 13, Problem 30. 


(a) Find the input impedance of the circuit in Fig. 13.99 using the concept of reflected 
impedance. 

(b) Obtain the input impedance by replacing the linear transfoiTner by its T equivalent. 


/lOQ 



Figure 13.99 

ForProb. 13.30. 


Chapter 13, Solution 30. 

(a) Zin = j40 + 25 + j30 + (10)^/(8 + j20 -j6) 

= 25+j70 + 100/(8+jl4) = 128.08 + Ì64.62Ì ohms 

(b) jcoLa = j30-jl0 = j20, jcoLh = j20-jl0 = jlO, jcoLc = jlO 
Thus the Thevenin Equivalent of the linear transfoiTner is shown below. 


j40 25 n j20 jlO 8 0 

—m^VVV--V\A^ 


jio 




= j40 + 25+j20+jl0||(8+j4) = 25 + j60 + jl0(8 + j4)/(8 + jl4) 

= 128.08 + Ì64.62Ì ohms 
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Chapter 13, Problem 31. 


Forthe circuit in Fig. 13.100, find: 

(a) the J-equivalent circuit, 

(b) the n -equivalent circuit. 


5H 



Figure 13.100 
ForProb. 13.31. 


Chapter 13, Solution 31. 

(a) La = Li - M = 10 H 

Lb = L 2 -M = 15H 
Le = M = 5H 

(b) LiLz-M^ = 300-25 = 275 

La =(LiL2-MV(Li-M) = 275/15 = 18.33 H 
Lb = (L 1 L 2 - M^)/(Li - M) = 275/10 = 27.5 H 
Lc = (L1L2 - M^)/M = 275/5 = 55H 
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Chapter 13, Problem 32. 


* Two linear transfoiTners are cascaded as shown in Fig. 13.101. Show that 
(O^R(Ll + LL, -Ml 

oj\L„L, + Ll-Ml)-j(oR{L„ + h) 


K K 



Figure 13.101 

ForProb. 13.32. 


* An asterish indicates a challenging problem. 
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Chapter 13, Solution 32. 


We tirst tind Zm tbr the second stage using the concept of retlected impedance. 


Zin’ — jcoLb + 0 L)^Mb^/(R + jcoLb) — (jcoLbR - co^Lb^ + 0 L)^Mb^)/(R + jcoLb) (1) 

For the tîrst stage, we have the cireuit below. 






0L)^R(La^ + LaLb - Ma^) + jO)^(La^Lb + L^Lb^ - LaMb^ - LbMa^) 
a)^(LaLb +Lb^ - Mb^) - j(oR(La +Lb) 
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Chapter 13, Problem 33. 


ML Detemiine the input impedanee of the air-eore transfoimer eireuit of Fig. 13.102. 



-jsa 


Figure 13.102 

ForProb. 13.33. 


Chapter 13, Solution 33. 

Zin = 10+jl2 + (15f/(20+j40-j5) = 10+jl2 + 225/(20+j35) 
= 10 + jl2 + 225(20 -j35)/(400 + 1225) 

= 112.769+ i7.154^ ohms 
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Chapter 13, Problem 34. 

ML Find the input impedance oí the cireuit in Fig. 13.103. 

j6n 



Figure 13.103 

ForProb. 13.34. 


Chapter 13, Solution 34. 


Insert a 1-V voltage source at the input as shown below. 

j6Q 

in ^ 8Q 



j4D 


Forloop 1, 


l = (l + 7lO)A-j4/, 


For loop 2, 

0 = (8 + j4 + jì 0 - j2)I, + jll, - j6I, -> 0 = -jl, + (2 + j3)I, 


( 1 ) 

( 2 ) 


Solving (1) and (2) leads to Ii=0.019 -j0.1068 

Z = — = 1.6154 + 79.077 = 9.219^79.91" Q 

h - 

Altematively, an easier way to obtain Z is to replace the transformer with its equivalent 
T cireuit and use series/parallel impedance combinations. This leads to exactly the same 
result. 
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Chapter 13, Problem 35. 


±É 

PS ML * Find currents Ii, I 2 , and I 3 in the eireuit ot Fig. 13.104. 

jia j\2a 



Figure 13.104 

ForProb. 13.35. 


* An asterisk indieates a ehallenging problem. 


Chapter 13, Solution 35. 

For mesh 1 , 



16 = (10+74)/,+;2/, 

( 1 ) 

For mesh 2 , 

0 = j2A+(30 + j26)/,-jl2/3 

( 2 ) 

For mesh 3, 

0 = -jl2/, + (5 + jll )/3 

(3) 

We may use 

MATLAB to solve (1) to (3) and obtain 



/, =1.3736- /0.5385 = 1.4754Z-21.4r A 
/, =-0.0547- /0.0549 = 0.0775^-134.85" A 



/3 = -0.0268- 7 O.O 72 I = 0.077Z-110.4r A 
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Chapter 13, Problem 36. 


As done in Fig. 13.32, obtain the relationships between teiTninal voltages and cuiTents for 
each of the ideal tiansfoiTners in Fig. 13.105. 




Figure 13.105 

ForProb. 13.36. 


Chapter 13, Solution 36. 

Following the two mles in section 13.5, we obtain the following: 


(a) 

V2V1 = 

I 2 /I 1 

= ^ 

(n = V 2 /V 1 ) 

(b) 

V2V1 = 

I 2 /I 1 

= -1/n 


(c) 

V2V1 = n, 

I 2 /I 1 

= 1/n 


(d) 

V2V1 = n. 

I 2 /I 1 

= -1/n 
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Chapter 13, Problem 37. 


A 480/2,400-V mis step-up ideal transfonner delivers 50 kW to a resistive load. 
Calculate: 

(a) the tums ratio 

(b) the primaiy eunent 

(c) the secondaiy cun ent 

Chapter 13, Solution 37. 


(a) n = — 

V, 


2400 

480 


(b) 5, = iy, = s^= = 50,000 


h 


50,000 

480 


104.17A 


(c) I, 


50,000 

2400 


20.83 A 


Chapter 13, Problem 38. 

A 4-kVA, 2,300/230-V mis transfoimer has an equivalent impedance of 2Z10°fl on the 
primaiy side. If the transformer is connected to a load with 0.6 power factor leading, 
calculate the input impedance. 

Chapter 13, Solutíon 38. 

Zin = Zp-tZL/n^ n = V 2 /V 1 = 230/2300 = 0.1 
V 2 = 230 V, S 2 = V 2 I 2 ’ 


I2* = S2/V2 = 17.391Z-53.13° or I2 = 17.391Z53.13° A 
Zl = V2/I2 = 230Z0°/17.391Z53.13° = 13.235Z-53.13° 
Zin = 2Z10° + 1323.5Z-53.13° 

= 1.97+j0.3473 +794.1 -jl058.8 
Zi„= 1.324Z-53.05” kohms 
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Chapter 13, Problem 39. 


A 1,200/240-V iTns tiansfoiTner has impedance 60Z - 30° O on the high-voltage side. If 
the transfoimer is connected to a 0.8Z10° - Q load on the low-voltage side, deteimine the 
prímaiy and secondaiy cuiTents when the ti'ansfoimer is connected to 1200 V iTns. 


Chapter 13, Solution 39. 

Refened to the high-voltage side, 

Zl = (1200/240f(0.8Z10°) = 20Z10° 

Zi„= 60Z-30° + 20Z10° = 76.4122Z-20.31° 

Ii = 1200/Zin = 1200/76.4122Z-20.31° = 15.7Z20.31° A 
Since S = IiVi = I 2 V 2 , I 2 = IiVi/v^ 

= (1200/240)(.15.7Z20.31°) = 78.5Z20.31° A 
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Chapter 13, Problem 40. 


The prímaiy of an ideal tiansfoimer with a tuins ratio of 5 is connected to a voltage 
source with Thevenin parameters vtii =10 cos 2000/ V and Rjh = 100Í2 Deteimine the 
average power delivered to a 200- Q load connected across the secondaiy winding. 


Chapter 13, Solution 40. 

Consider the circuit as shown below. 


RtIi II 




We reflect the 200-Q load to the prímaiy side. 


z =100 + ^ = 108 


10 


I =— I = ; 

i 1 /\r> ^ 2 / 


108 


108 


P = 1 1 /, p /j i( J_T(200) = 34.3 mW 

2 2 108 - 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reseived. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher, or used bevond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without permission. 



Chapter 13, Problem 41. 


±i 

P® ML Detennine Ii and h in the eireuit of Fig. 13.106. 


14/0° V 



Figure 13.106 
ForProb. 13.41. 


Chapter 13, Solution 41. 

We refleet the 2-ohm resistor to the prímaiy side. 

Zi„= 10 + 2//, n =-1/3 

Since both Ii and h enter the dotted teiminals, Zin= 10 + 18 = 28 ohms 
Ii = 14Z0°/28 = 0.5 A and h = Ii/n = 0.5/(-l/3) = -1.5 A 
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Chapter 13, Problem 42. 


±i 

P® ML For the circuit in Fig. 13.107, dctcmiinc thc powcr absorbcd by thc 2-Q 
rcsistor. Assumc thc 80 V is an ims valuc. 



Figure 13.107 

ForProb. 13.42. 
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Chapter 13, Solution 42. 

We apply mesh analysis to the eireuit as shown below. 




Formesh 1, 


80 = (50-J2)/,+V, 

(1) 

For mesh 2, 

-V, + (2-j20)I, = 0 

(2) 

At the transfoimer teiminals, 

V,=2V, 

( 3 ) 

h=^h 

( 4 ) 


From (1) to (4), 


o 

1 

0 

1 

o' 

'h 


'80' 

0 

1 

o 

0 

1 

h 


0 

0 

0 

2 

-1 

y. 


0 

1 

-2 

0 

0 _ 

yi. 


_ 0 _ 


Solving this with MATLAB gives 

h = 0.805 l-j0.0488 = 0.8056Z-3.47°. 

The power absorbed by the 2-Q resistor is 

P = |l2pR = (0.8056)^2 = 1.3012 W . 
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Chapter 13, Problem 43. 

P® ML Obtain Vi and V 2 in the ideal transfonner eireuit of Fig. 13.108. 



Figure 13.108 

ForProb. 13.43. 

Chapter 13, Solution 43. 

TransfoiTn the two cunent sources to voltage sources, as shown below. 


10 Q 12 Q 



Using mesh analysis, 

— 20 + 1011 +V 1 — 0 



20 = Vi + lOIi 

(1) 

I 2 +I 2 I 2 -V 2 

= 0 or 12 = V 2 - I 2 I 2 

(2) 

At the transfoimer teiminal, 

V 2 = nvi = 4vi 

(3) 


Ii = nl2 = 4 I 2 

(4) 


Substituting (3) and (4) into (1) and (2), we get, 

20 = vi + 4 OI 2 (5) 

12 = 4vi - I 2 I 2 (6) 

Solving (5) and (6) gives Vi = 4.186 V and V 2 = 4v = 16.744 V 
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Chapter 13, Problem 44. 

*In the ideal ti'ansfonner circuit of Fig. 13.109, find i[(t) and hit). 



V„, cos ojî 


Figure 13.109 

ForProb. 13.44. 

* An asterisk indieates a challenging problem. 

Chapter 13, Solution 44. 

We ean apply the supeiposition theorem. Let ii = ii’+ii” and i^ = ri’+ ri” 
where the single prime is due to the DC source and the double prime is due to the 
AC source. Since we are looking for the steady-state values of ii and i^, 

ii’ = Ì2 = 0. 

For the AC source, eonsider the cireuit below. 



But V 2 = Vni, Vi = -Vm/n 01 ' Ii” = Vni/(Rn) 

I 2 ” = -Ii’Vn = -Vn/(Rn^) 

Hence, ii(t) = (Vm/RMlcosoot A . and Ì 2 (t) = (-Vm/In^RDcosoot A 
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Chapter 13, Problem 45. 

P® ML For the circuit shown in Fig. 13.110, fínd the value of the average power 
absorbed by the 8- Q. resistor. 


_L p 

48 0 120 ^ 



Figure 13.110 

ForProb. 13.45. 


Chapter 13, Solution 4S. 


48 Q 


J 

coC 



Z = ^ = 9Zl =72-j36 
n 

^ 4Z-90^ 4Z-9Q^ 

” 48 + 72-j36 ~ 125.28Z-16.7^ 


0.03193Z-73.3^ 


We now have some ehoices, we ean go ahead and caleulate the euiTent in the second loop 
and ealculate the power delivered to the 8-ohm resistor direetly or we can merely say that 
the power delivered to the equivalent resistor in the prímaiy side must be the same as the 
power delivered to the 8-ohm resistor. Therefore, 


Psn - 



72 = 0.5098x10“L2 = 36.71 mW 


The student is eneouraged to calculate the euiTent in the secondaiy and ealculate the 
power delivered to the 8-ohm resistor to verífy that the above is coiTect. 
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Chapter 13, Problem 46. 


±i 

PS ML (a) Find Ii and h in the cireuit of Fig. 13.111 below. 
(b) Switch the dot on one of the windings. Find Ii and h again. 



Figure 13.111 

ForProb. 13.46. 


Chapter 13, Solution 46. 

(a) Reflecting the seeondaiy circuit to the prímaiy, we have the circuit shown below. 



Zin = 10+jl6 + (l/4)(12-j8) = 13+jl4 

-16Z60° + ZiJi-5Z30° = 0 or Ii = (16Z60^ + 5Z30^)/(13 + jl4) 
Hence, Ii = 1.072Z5.88^ A . and h = -0.5Ii = 0.536Z185.88^ A 

(b) Switching a dot will not effect Zm but will effect Ii and h- 
h = (16Z60^-5Z30^)/(13+jl4) = 0.625 Z25 A 
and h = 0.5Ii = 0.3125Z25^ A 
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Chapter 13, Problem 47. 


±i 

PS ML Find v(/) for the circuit in Fig. 13.112. 



Figure 13.112 

ForProb. 13.47. 
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Chapter 13, Solution 47. 


IF 


1 

jojC 


1 

73.d/3 


= -7l 


Consider the eircuit shown below. 



For mesh 1, 


3Ii - 2 I 3 + Vi = 4 

( 1 ) 

For mesh 2, 


5l2-V2 = 0 

(2) 

For mesh 3, 


-2Ii(2-j)l3-Vi+V2=0 

(3) 

At the tenninals of the tiansfoimer, 


II 

S 

II 

(4) 

A = nl^ = 4/2 

(5) 


In matiix fonn, 


■ 3 

0 

-2 

1 

0 ' 

'ir 


~4 

0 

5 

0 

0 

-1 

h 


0 

-2 

0 

2 -j 

-1 

1 

h 

= 

0 

0 

0 

0 

-4 

1 

Vi 


0 

1 

-4 

0 

0 

0 

_V2_ 


0 
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Solving this using MATLAB yields 


A = [3,0,-2,1,0;0,5,0,0,-1 ;-2,0,(2-i),-1,1 ;0,0,0,-4,1; 1 ,-4,0,0,0] 

U = [4;0;0;0;0] 

X = inv(A)*U 

» A = [3,0,-2,1,0;0,5,0,0,-1 ;-2,0,(2-i),-1,1 ;0,0,0,-4,1; 1 ,-4,0,0,0] 


A = 

Columns 1 through 4 


3.0000 

0 

- 2.0000 

0 

1.0000 


0 

5.0000 

0 

0 

-4.0000 


- 2.0000 1.0000 

0 0 
2.0000- l.OOOOi -1.0000 
0 -4.0000 

0 0 


Column 5 


0 

- 1.0000 

1.0000 

1.0000 

0 


»U = [4;0;0;0;0] 

U = 

4 

0 

0 

0 

0 


» X = inv(A)*U 
X = 

1.5774+ 0.2722Ì 
0.3943 +0.068 li 
0.6125+ 0.4509Ì 
0.4929+ 0.0851Ì 
1.9717+ 0.3403Ì 


h = 0.3943+j0.681 = 0.7869Z59.93" but V = 5 I 2 = 3.934Z59.93”. 
v(t) = 3.934cost3t+59.93°ì V 
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Chapter 13, Problem 48. 


±i 

PS ML Find C in the ideal tiansfoiTner drcuit of Fig. 13.113. 


100/0° V Q 



76 Q 


Figure 13.113 

ForProb. 13.48. 
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Chapter 13, Solution 48. 

We apply mesh analysis. 

8 D 2:1 lOfì 



100 = (8-74)A-74/,+V 

(1) 

0 = (10+72)/,-74/,+V, 

(2) 

Y. 1 

^ =n= -> V = 2V 

3 

V, 2 

^ = -- = -2 -> /i=-0.5/, 

7, n 

(4) 


Substituting (3) and (4) into (1) and (2), we obtain 

100 = (- 4 - 72 ) 7 ,+ 2^2 (l)a 

0 = (10 + 74)/,+V, (2)a 

Solving (l)a and (2)a leads to h = -3.5503 +jl.4793 

/^ = /j + /^ = 0.5/, = 1.923Z157.4" A 
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Chapter 13, Problem 49. 


±i 

PS ML Find cuiTent 4 in the ideal transfoiTner eireuit shown in Fig. 13.114. 



Figure 13.114 

ForProb. 13.49. 
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Chapter 13, Solution 49. 


(0 = 2 , —F 

20 


12<0°V 


2 Q I, 1:3 I 




Atnode 1, 


12-V, 


At node 2, 


-7IO 6 


12 = 2/1 +V,(l + j 0 . 2 )-70.2^2 


0 = 6/2 + jO.61/1 - (1 + 70 . 6 )V 2 


Atthe teiTninals of the ti'ansformer, 

Substituting these in (1) and (2), 

12 = -6/2 + V, (1 + 7O.8), 0 = 6/2+ 1^1 (3 + /2.4) 


Adding these gives Vi=1.829 -jl.463 and 


V -V 4V 

I = ^^ =-!- = 0.937^51.34" 

-/10 -/10 


4 = 0.937 eos(2r + 5 1.34") A 
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Chapter 13, Problem 50. 


ML Calculate the input impedanee for the network in Fig. 13.115. 



Figure 13.115 
ForProb. 13.50. 

Chapter 13, Solutíon 50. 

The value of Zin is not effeeted by the loeation of the dots sinee n^ is involved. 
Z.„’ = (6-jl0)/(n’f, n’ = 1/4 
Zi„’ = 16(6-jlO) = 96-jl60 
Zi„ = 8 + jl2 + (Zi„’ + 24)/n^ n = 5 
Zi„ = 8+jl2 + (120-jl60)/25 = 8 + jl2 + 4.8 - j6.4 
Zi„ = (12.8 + i5.6) ohms 
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Chapter 13, Problem 51. 

ML Use the concept of rcflcctcd impcdancc to fínd thc input impcdancc and cuiTcnt Ii in 
Fig. 13.116. 



ForProb. 13.51. 

Chapter 13, Solution 51. 

Lct Z 3 = 36 +j 18, whcrc Z 3 is rcflcctcd to thc middlc circuit. 

Zr’ = ZJr? = (12+j2)/4 = 3+j0.5 
Zin = S-J^ + Zr’ = (8 - il.5t ohms 

Ii = 24Z0 ^/Ztii = 24Z0^/(8-jl.5) = 24Z0^/8.14Z-10.62^ = 8.95Z10.62^ A 


Chapter 13, Problem 52. 

eCM For thc circuit in Fig. 13.117, dctciminc thc tums ratio n that will causc maximum 
avcragc powcr transfcr to thc load. Calculatc that maximum avcragc powcr. 


40 0 



Figure 13.117 

ForProb. 13.52. 

Chapter 13, Solution 52. 

For maximum powcr tiansfcr, 

40 = Zl/ii^ = lO/n^ 01 - = 10/40 whichyiddsn = 1/2 = 0.5 

I = 120/(40 + 40) = 3/2 
p = I^R = (9/4)x40 = 90 watts . 
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Chapter 13, Problem 53. 


ML Refer to the network in Fig. 13.118. 

(a) Find n for maximum power supplied to the 200- Q load. 

(b) Deteimine the power in the 200-load ìfn= 10. 


200 n 


Figure 13.118 

ForProb. 13.53. 

Chapter 13, Solution 53. 

(a) The Thevenin equivalent to the left of the transfoimer is shown below. 

8Q 

AAA^—• 




The reflected load impedanee is Zl’ = Zl/ii^ = 200/n^. 
Formaximumpowerti'ansfer, 8 = 200/n^ produces n = 5. 
(b) If n = 10, Zl’ = 200/10 = 2 and I = 20/(8 + 2) = 2 
p = I^Zl’ = ( 2 )\ 2 ) = 8 watts . 
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Chapter 13, Problem 54. 


eOd A transfonner is used to match an amplifier with an 8- Q load as shown in Fig. 
13.119. The Thevenin equivalent of the amplifier is: Vtii = 10 V, Ztii = 128 . 

(a) Find the required tums ratio for maximum energy power tiansfer. 

(b) Deteimine the prímaiy and secondaiy cuirents. 

(c) Calculate the primaiy and secondaiy voltages. 


Amplifier 

circuit 



8a 


Figure 13.119 

ForProb. 13.54. 


Chapter 13, Solution 54. 

(a) 



For maximum power fiansfer, 

Zni = Zl/h^ 01- = Zl/Zti, = 8/128 

n = 0J5 

(b) Ii = VW(ZTh + ZL/n^) = 10/(128 + 128) = 39.06 mA 

(c) V 2 = TZl = 156.24x8 mV = 1.25 V 

But V2 = nvi therefore Vi = v^/n = 4(1.25) = 5_V 
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Chapter 13, Problem 55. 


ML For the circuit in Fig. 13.120, calculatc thc cquivalcnt rcsistancc. 



Figure 13.120 

ForProb. 13.55. 


Chapter 13, Solution 55. 


Wc first rcflcct thc 60-Í2 rcsistancc to thc middlc circuit. 

z; 


:20 + ^ = 26.67Q 


We now reflect this to the primaiy side. 
26.67 


Z 


16 


1.6669 n 
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Chapter 13, Problem 56. 


±i 

PS ML Find the power absorbed by the 10- D resistor in the ideal bansfoiTner eireuit of 
Fig. 13.121. 


2D. 



Figure 13.121 

ForProb. 13.56. 
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Chapter 13, Solution 56. 


We apply mesh analysis to the cireuit as shown below. 



Formeshl, 46 = 7Ii-5l2 + Vi (1) 

Formesh2, V 2 = ISI^-SIi (2) 

At the teiTninals of the tiansfoimer, 

V 2 = nvi = 2vi (3) 

Ii = nl2 = 2 I 2 (4) 

Substituting (3) and (4) into (1) and (2), 

46 = 9 I 2 + V 1 (5) 

vi = 2 . 5 I 2 (6) 


Combining (5) and (6), 46 = 11.51^ or I 2 = 4 

Pio = 0.512^10) = 80 watts . 
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Chapter 13, Problem 57. 


±i 

P® ML For the ideal hansfoiTQer cireuit of Fig. 13.122 below, find: 


(a) Ii and I 2 , 

(b) Vi,V2,andV,, 

(c) the complex power supplied by the source. 


60/90° V rms (í 



Figure 13.122 

ForProb. 13.57. 


Chapter 13, Solution 57. 

(a) Zl = j3||(12 -j6) = j3(12 - j6)/(12 - j3) = (12 + j54)/17 

Reflecting this to the prìmaiy side gives 

Zin = 2 + Zl// = 2 + (3+jl3.5)/17 = 2.3168Z20.04° 

Ii = Vs/Zin = 60Z90°/2.3168Z20.04° = 25.9Z69.96° Alrmsl 
h = Ii/n = 12.95Z69.96° A(rmsl 

(b) 60Z90° = 2 I 1 +V 1 or vi = j60-2Ii = j60 - 51.8Z69.96° 

vi = 21.06Z147.44° Vlrmsì 

V 2 = nvi = 42.12Z147.44° Vlrmsl 

Vo = V 2 = 42.12Z147.44° Vfrmsì 

(c) S = vJi* = (60Z90°)(25.9Z-69.96°) = 1554Z2Q.04° VA 
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Chapter 13, Problem 58. 


±i 

P® ML Detennine the average power absorbed by eaeh resistor in the eireuit of 
Fig. 13.123. 


80 cos Aî Y 



100 Q 


Figure 13.123 

ForProb. 13.58. 
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Chapter 13, Solution 58. 


Consider the circuit below. 


20 Í2 



For meshl, 

80 = 201 , - 2 OI 3 + v. 

(1) 

For mesh 2, 

V 2 = IOOI 2 

(2) 

For mesh 3, 

0 = 4 OI 3 - 201, which leads to I, = 2 I 3 

(3) 

At the ti'ansfoimer teiminals, = -nvi = -5vi 

(4) 


<N 

II 

<N 

f 

II 

(5) 

From (2) and (4), 

-5vi = IOOI 2 or vi = - 2 OI 2 

(6) 


Substituting (3), (5), and (6) into (1), 

4 = I,-l2-l3 = I,-(Ii/(-5))-Ii/2 = (7/10)1, 

I, = 40/7, I 2 = -8/7, I 3 = 20/7 

P 2 o(the one between 1 and 3) = 0.5(20)(Ii -= 10(20/7)^ = 81.63 watts 
P 2 o(at the top of the circuit) = 0 . 5 ( 20 ) 13 ^ = 81.63 watts 
pioo = 0.5(100)12^ = 65.31 watts 
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Chapter 13, Problem 59. 


±i 

P® ML In the circuit of Fig. 13.124, lct Vs = 40 cos lOOOt. Find thc avcragc powcr 
dclivcrcd to cach rcsistor. 


lOQ 



Figure 13.124 

ForProb. 13.59. 


Chapter 13, Solution 59. 

Wc apply mcsh analysis to thc circuit as shown bclow. 


lOD 
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( 1 ) 


For mesh 1, 

-40 + 2211- I2I2+V1 = 0 

Formesh 2, 

-12Ii + 32l2-V2 = 0 (2) 

At the ùansfoimer terminals, 

-4Vi + V 2 = 0 (3) 

Ii-412 = 0 (4) 


Putting (1), (2), (3), and (4) in matiix foim, we obtain 


“ 22 

-12 

1 

0“ 


"40“ 

-12 

32 

0 

-1 

1 = 

0 

0 

0 

-4 

1 


0 

1 

-4 

0 

0 


0 


» A=[22,-12,1,0;-12,32,0,-1 ;0,0,-4,1; 1 ,-4,0,0] 
A = 

22 -12 1 0 

-12 32 0 -1 

0 0-41 

1-400 
» U=[40;0;0;0] 

U = 

40 

0 

0 

0 

» X=inv(A)*U 
X = 

2.2222 

0.5556 

- 2.2222 

-8.8889 


For lO-Fì resistor, 

Pio = rr2.222W2110 = 24.69 W 

For 12-Q resistor, 

P 12 = [(2.222-0.5556)^/2] 12 = 16.661 W 


For 20-Q resistor, 

P 20 = [(0.5556)^/2]20 = 3.087 W . 
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Chapter 13, Problem 60. 

±í 

P® ML Refer to the eireuit in Fig. 13.125 on the following page. 

(a) Find cuiTents Ii, I 2 , and I 3 . 

(b) Find the power dissipated in the 40- Q resistor. 



Figure 13.125 

ForProb. 13.60. 

Chapter 13, Solution 60. 

(a) Transfeiiing the 40-ohm load to the middle eircuit, 

Zl’ = 40/(n’)^ = lOohms where n’ = 2 
1011(5 + 10) = 6ohms 
We transfer this to the prímaiy side. 

Zin = 4 + 6/n^ = 4 + 96 = lOOohms, where n = 0.25 
Ii = 120/100 = 1.2 A and I 2 = Ii/n = 4.8 A 


40 5fì 



Using cuiTent division, I 2 ’ = (10/25)12 = 1.92 andl^ = U’/n’ = 0.96 A 
(b) p = 0.5(l3)^(40) = 18.432 watts 
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Chapter 13, Problem 61. 

±í 

P® ML * For the cireuit in Fig. 13.126, find Ii, I 2 , and V„. 



Figure 13.126 

ForProb. 13.61. 

* An asterísk indicates a challenging problem. 

Chapter 13, Solution 61. 

We refleet the 160-ohm load to the middle cireuit. 


Zr = = 160/(4/3)^ = 90 ohms, where n = 4/3 

2 D j . g 14 a 



14 + 60||90 = 14 + 36 = 50 ohms 
We reflect this to the primaiy side. 

Zr’ = ZLV(n’)^ = 50/5^ = 2 ohms when n’ = 5 

11 = 24/(2 + 2) = ^ 

24 = 2 I 1 +V 1 or vi = 24-2Ii= 12V 

Vo = -nvi = -60 V . lo = -Ii /ni = -6/5 = -1.2 

lo^ = [60/(60 + 90)]Io = -0.48A 

1 2 = -loVn = 0.48/(4/3) = 0.36 A 
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Chapter 13, Problem 62. 


±i 

P® ML For the network in Fig. 13.127, find 

(a) the complex power supplied by the source, 

(b) the average power delivered to the 18- Q resistor. 


j4n 6 Q 


-720 0 


40/0° V Q 



Figure 13.127 

ForProb. 13.62. 


Chapter 13, Solution 62. 

(a) Reflect the load to the middle eireuit. 

Zl’ = 8-j20-^(18-Hj45)/3^ = 10-jl5 

We now refleet this to the prímaiy circuit so that 

z.„ = 6-Hj4-H(10-jl5)// = 7.6-Hjl.6 = 7.767Z11.89°, where n = 
5/2 =2.5 

Ii = 40/Zij, = 40/7.767Z 11.89° = 5.15Z-11.89° 

S = 0.5vjr = (20Z0°)(5.15Z11.89°) = 1Q3Z11.89°VA 

(b) h = -Ii/n, n = 2.5 
I 3 = - 12 /n’, n = 3 

I 3 = Ii/(nn’) = 5.15Z-11.89°/(2.5x3) = 0.6867Z-11.89° 
p = 0.5|l2|^(18) = 9(0.6867)^ = 4.244 watts 
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Chapter 13, Problem 63. 


ML Find the mesh euiTents in the eireuit of Fig. 13.128 


12/0° V 


Figure 13.128 

ForProb. 13.63. 



Chapter 13, Solution 63. 

Refleeting the (9 + jl8)-ohm load to the middle circuit gives, 

Zin’ = 7-j6 + (9+jl8)/(n’)^ = 7-j6+l+j2 = 8-j4 whenn’ = 3 
Reflecting this to the primaiy side, 

Zin = 1 + Zin’// = 1 + 2 - j = 3 - j, where n = 2 
Ii = 12Z0'=/(3-j) = 12/3.162Z-18.43° = 3.795Z18.43A 
h = Ii/n = 1.8975Z18.43° A 
I 3 = -I 2 // = 632.5Z161.57° mA 
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Chapter 13, Problem 64. 

P® ML For the circuit in Fig. 13.129, find the tums ratio so that the maximum power is 
delivered to the 30-kD resistor. 



Figure 13.129 

ForProb. 13.64. 


Chapter 13, Solution 64. 

The Thevenin equivalent to the left of the transfonner is shown below. 

8kn 

^VV\ _ 

24 Z V 



The reflected load impedance is 


For maximum power h'ansfer, 
= ^ - 


«2=30/8 = 3.75 


n =1.9365 
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Chapter 13, Problem 65. 

±í 

P® ML * Calculate the average power dissipated by the 20-Q resistor in Fig. 13.130. 


40 Q 



Figure 13.130 

ForProb. 13.65. 


* An asterísk indicates a challenging problem. 
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Chapter 13, Solution 65. 


40Q 



Atnode 1, 

200-V, _ 

10 40 


> 200 = 1.25V,-0.25^4+10/, 


( 1 ) 


At node 2, 

Vi -V 4 ^Y± + i -^ V=3V,+40/, (2) 

40 20 143 

At the teiTninals of the fìrst ti'ansfoiTner, 

l/ 

^ = -2 -> V, = -2\^, 

V, ' ' 

^ = -1/2 -> /,=-2/, 

/, 

For the middle loop, 

-y.+^OA+V^ =0 -> v^=v,-50I. (5) 


(3) 

(4) 
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At the teiTninals of the second transfoiTner, 


= 3 > r,=3V3 (6) 

f = -l /3 -> /2 =-3/3 ( 7 ) 

We have seven equations and seven unknowns. Combining (1) and (2) leads to 
200 = 3.5^4 +10/, +50/3 

But from (4) and (7), /, = -2/^ = -2Ì-3I,) = 61,. Henee 

200 = 3.5^4+110/3 (8) 

From (5), (6), (3), and (7), 


V4 = 3(^2 -50/2) = 3V2 -150/2 = -6V, +450/3 
Substituting for Vi in (2) gives 

V4 =-6(3^4+40/3)+ 450/3 -> (9) 

Substituting (9) into (8) yields 

200 = 13.452^4 -> V4 =14.87 

1/ ^ 

P = —^ = 11.05 W 
20 - 


Chapter 13, Problem 66. 
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An ideal autoti'ansfoiTner with a 1:4 step-up tuins ratio has its secondaiy connected to a 
120- £2 load and the prìmaiy to a 420-V source. Deteimine the prìmaiy euirent. 


Chapter 13, Solution 66. 


Vi = 420 V 


(1) 

V2 = I 2 OI 2 


(2) 

V]/V 2 =1/4 01' V 2 = 

4vi 

(3) 

II 

0 

II 

(N 

h 

(4) 


Combining (2) and (4), 

V2 = 120[(l/4)Ii] = 30 Ii 
4vi = 30Ii 

4(420) = 1680 = 30Ii or Ii = 56A 


Chapter 13, Problem 67. 

An autotransfoimer with a 40 percent tap is supplied by a 400-V, 60-Hz souree and is 
used for step-down operation. A 5-kVA load operating at unity power factor is eonneeted 
to the seeondaiy teiminals. Find: 

(a) the secondaiy voltage 

(b) the seeondaiy cuirent 

(c) the primaiy euirent 

Chapter 13, Solution 67. 


Vi N 1 +N 7 1 

(a) —L 1 ^ Y = 0.4V, = 0.4x400 = 160 V 

V 2 N 2 0.4 

(b) S 2 = I 2 V 2 = 5,000 -> I 2 = = 31.25A 

160 

(c) S 2 = s. = IiV, = 5,000 -> I, =^^ = 12.5A 

V 7 2 1 1 1 . ^400 - 
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Chapter 13, Problem 68. 


±1 


ML In the ideal autotransfoiTner of Fig. 13.131, calculate Ii, I 2 , and C Find the average 
power delivered to the load. 



Figure 13.131 

ForProb. 13.68. 
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Chapter 13, Solution 68. 



Fortheprimai'y circuit, 20Z30° = (2-j6)Ii+Vi (1) 

For the secondaiy circuit, V 2 = (10+j40)l2 (2) 

At the autotransfoiTner teiTninals, 

Vi/V2 = Ni/(Ni +N 2 ) = 200/280 = 5/7, 



thusv 2 = 7vi/5 

(3) 

Also, 

I 1 /I 2 = 7/5 or I 2 = 5 I 1/7 

(4) 


Substituting (3) and (4) into (2), vi = (10 + j40)25Ii/49 
Substituting that into (1) gives 20Z30° = (7.102+jl4.408)Ii 

11 = 20Z30°/16.063Z63.76° = 1.245Z-33.76° A 

1 2 = 5 I 1/7 = Q.8893Z-33.76° A 

lo = I 1 -I 2 = [(5/7)-l]Ii = - 2 I 1/7 = 0.3557Z146.2° A 
p = |l 2 pR = (0.8893)^10) = 7.51 watts 
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Chapter 13, Problem 69. 


e€id * In the circuit of Fig. 13.132, Zl is adjusted until maximum average power is 
delivered to Z^. Find Zl and the maximum average power transfened to it. Take N[ = 600 
tums and N 2 = 200 tums. 



Figure 13.132 

ForProb. 13.69. 


* An asterisk indicates a challenging problem. 


Chapter 13, Solution 69. 

We can find the Thevenin equivalent. 
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As a step up transfoiTner, Vi/v 2 = Ni/^Ni+N^) = 600/800 = 3/4 


V 2 = 4vi/3 = 4(120)/3 = lóOZO'iins = VTh. 

To find Ztii, connect a 1-V source at the secondaiy temiinals. We now have a 
step-down tiansfoiTner. 



But V 1 /V 2 = (Ni+N 2 )/Ni = 800/200 which leads to Vi = 4v2 = 1 

and V 2 = 0.25 

I 1 /I 2 = 200/800 = 1/4 whichleadsto I 2 = 4Ii 
Hence 0.25 = 4Ii(75+jl25) or Ii = 1/[16(75 + jl25) 

Ztii = l/Ii = 16(75+jl25) 

Therefore, Zl = Ztl* ^ (1.2 - i2) 

Since Vtii is nns, p = (|Vtii|/2)^/Rl = (80)^/1200 = 5.333 watts 
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Chapter 13, Problem 70. 


ML In the ideal transfoiTner drcuit shown in Fig. 13.133, deteiTnine the average power 
delivered to the load. 


30+712 íì 



Figure 13.133 

ForProb. 13.70. 
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Chapter 13, Solution 70. 


This is a step-down tiansfonner. 



I 1 /I 2 = N 2 /(Ni +N 2 ) = 200/1200 = 1/6, 01 - Ii = I 2/6 (1) 

V1/V2 = (N 2 + N 2 )/N 2 = 6, or Vi = 6V2 ( 2 ) 

For the primaiy loop, 120 = (30 + jl2)Ii + vi (3) 

For the secondary loop, V 2 = (20-j40)l2 (4) 

Substituting (1) and (2) into (3), 

120 = (30+jl2)(l2/6) + 6 v 2 
and substituting (4) into this yields 

120 = (49-j38)l2 or I 2 = 1.935Z37.79° 
p = |I 2 |^( 20 ) = 74.9 watts . 
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Chapter 13, Problem 71. 


In the autotiansfoiTner circuit in Fig. 13.134, show that 

1 

z,. = 1 + 


N. 


2 7 



Figure 13.134 
ForProb. 13.71. 


and I 1 /I 2 = N^/fNi+N^) 


Chapter 13, Solutìon 71. 

Zin = Vl/I, 

But V|I| = V 2 I 2 , or V 2 = I^Zl 

Hence V, = V 2 I 2 /I 1 = Zl(I 2 /Ii)I 2 

V,/Ii = Zl[(Ni+N2 )/N2]' 

Zin = íi±J 
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Chapter 13, Problem 72. 


e€id In order to meet an emergency, three single-phase tiansfoimers with 12,470/7,200 

V ims are connected in A-Y to foim a three-phase tiansfoimer which is fed by a 12,470- 

V tiansmission line. If the transfoiTner supplies 60 MVA to a load, find: 

(a) the tums ratio for each ti'ansfoimer, 

(b) the cunents in the prìmai*y and secondaiy windings of the transfoimer, 

(c) the incoming and outgoing transmission line cunents. 


Chapter 13, Solution 72. 

(a) Consider just one phase at a time. 




n = Vl/VIVlp =7200/(12470^/3) = 1/3 

(b) The load canied by each hansfonner is 60/3 = 20 MVA. 

Henee Ilp = 20 MVA/12.47 k = 1604 A 

Ils = 20 MVA/7.2 k = 2778 A 

(c) The cunent in ineoming line a, b, e is 

VIIlp =73x1603.85 = 2778 A 

Cunent in each outgoing line A, B, C is 

2778/(nV3) = 4812 A 
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Chapter 13, Problem 73. 

ML Figure 13.135 on the following page shows a three-phase tiansfonner that supplies a 
Y-conneeted load. 

(a) Identify the tiansfonner connection. 

(b) Calculate cuiTents I 2 and 

(c) Find the average power absorbed by the load. 



Figure 13.135 

ForProb. 13.73. 

Chapter 13, Solution 73. 


(a) This is a three-phase A-Y transformer . 

(b) Vls = nvLp/Vs = 450/(3 V3) = 86.6 V, where n = 1/3 
As a Y-Y system, we ean use per phase equivalent eireuit. 
la = Van/Zy = 86.6Z0°/(8 - j6) = 8.66Z36.87° 

Ic = IaZ120° = 8.66Z156.87° A 
Ilp = n V 3 Ils 

11 = (1/3)V3(8.66Z36.87°) = 5Z36.87° 

1 2 = IiZ-120° = 5Z-83.13° A 

(e) p = 3|Ia|V8) = 3(8.66)V8) = 1.8 kw . 
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Chapter 13, Problem 74. 


Consider the three-phase tiansfoiTner shown in Fig. 13.136. The primaiy is fed by a 
three-phase source with line voltage of 2.4 kV ims, while the secondaiy supplies a three- 
phase 120-kW balanced load at pf of 0.8. DeteiTnine: 

(a) the type of ti'ansfoimer connections, 

(b) the values of hs and Ips, 

(c) the values of hp and Ipp, 

(d) the kVA rating of each phase of the ti'ansfoimer. 


2.4 kV 



Figure 13.136 

ForProb. 13.74. 
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Chapter 13, Solution 74. 


(a) This is a A-A connection . 

(b) The easy way is to consider just one phase. 

l:n = 4:1 or n = 1/4 

n = V 2 /V 1 which leads to V 2 = nVi = 0.25(2400) = 600 
i.e. Vlp = 2400 V and Vls = 600 V 
S = p/cosO = 120/0.8 kVA = 150 kVA 
Pl = p/3 = 120/3 = 40kw 




But Pls = Vpslps 

For the A-load, II = V^Ip andVL = Vp 

Hence, Ips = 40,000/600 = 66.67 A 

Ils = V3 Ips = V3 X66.67 = 115.48 A 

(c) Similaiiy, for the prímaiy side 

Ppp = Vpplpp = Pps or Ipp = 40,000/2400 = 16.667 A 
and Ilp = V^Ip = 28.87 A 

(d) Sinee S = 150 kVA therefore Sp = S/3 = 50 kVA 
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Chapter 13, Problem 75. 


A balanced three-phase tiansfoiTner bank with the A -Y connection depicted in 
Fig. 13.137 is used to step down line voltages fi'om 4,500 V ims to 900 V ims. If the 
transfoiTner feeds a 120-kVA load, find: 


(a) the tums ratio for the transfoiTner, 

(b) the line cuiTents at the primaiy and secondaiy sides. 



Figure 13.137 

ForProb. 13.75. 


Chapter 13, Solution 75. 

(a) n = Vls/(V3Vlp) = 900/(4500 VS) = OJiMI 

(b) S = VI VlsIls or Ils = 120,000/(900^3) = 76.98 A 
Ils = lLp/(nV3) = 76.98/(2.887^3) = 15.395 A 
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Chapter 13, Problem 76. 


A Y- A three-phase transfoiTner is conneeted to a 60-kVA load with 0.85 power factor 
(leading) through a feeder whose impedance is 0.05 + jO.l D per phase, as shown in 
Fig. 13.138. Find the magnitude of: 

(a) the line cuiTent at the load, 

(b) the line voltage at the secondaiy side of the tiansfoimer, 

(e) the line euiTent at the primaiy side of the transfoimer. 




Figure 13.138 

ForProb. 13.76. 
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Chapter 13, Solution 76. 

(a) At the load, Vl = 240 V = Vab 

Van = Vl/Vs = 138.56 V 

Since S = VsVlIl then II = 60,000/(240^3) = 144.34 A 



(b) LetVAN = |Van|Z0° = 138.56Z0° 


eosO = pf = 0.85 or 0 = 31.79° 

Iaa' = IlZO = I44.34Z31.79° 

Va'n’ = ZIaa’ + Van 

= 138.56Z0° + (0.05 + j0.1)(144.34Z31.79°) 
= 138.03Z6.69° 

Vls = Va’n’ V3 = 137.8 V3 = 238.7 V 
(c) For Y-A connections, 

n = VIVLs/Vps = V3x23 8.7/2640 = 0.1569 
ÍLp = nlLs/Vs = 0.1569x144.34/V3 = 13.05 A 
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Chapter 13, Problem 77. 


e<îld The three-phase system of a town distiibutes power with a line voltage of 13.2 kV. 
A pole transfoiTner eonnected to single wire and ground steps down the high-voltage wire 
to 120 V ims and sei'ves a house as shown in Fig. 13.139. 

(a) Calculate the tums ratio of the pole ti'ansfoimer to get 120 V. 

(b) Deteimine how much cunent a 100-W lamp connected to the 120-V hot line draws 
fi om the high-voltage line. 



Figure 13.139 

ForProb. 13.77. 

Chapter 13, Solution 77. 

(a) This is a single phase transfoimer. Vi = 13.2 kV, V 2 = 120 V 

n = V 2 Wi = 120/13,200 = 1/110, therefore n = 1/llQ 
or 110 tums on the primaiy to eveiy tum on the secondaiy. 

(b) P = VI or I = P/V = 100/120 = 0.8333 A 

Ii = nl 2 = 0.8333/110 = 7.576 mA 
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Chapter 13, Problem 78. 

<î^ 

PS Use PSpice to deteiTQÌne the mesh cuiTents in the circuit of Fig. 13.140. Take 
û) = ì rad/s. 


20 0 



Figure 13.140 

ForProb. 13.78. 
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Chapter 13, Solution 78. 

We conveit the reaetances to their inductive values. 

X = coL -> L = — 

co 


The sehematie is as shown below. 



When the circuit is simulated, the output file eontains 
FREQ IM(V_PRINT 1 )IP(V_PRINT 1) 

1.592E-01 9.971E-01 -9.161E+01 

FREQ IM(V PRINT2)IP(V_PRINT2) 

1.592E-01 3.687E-01 -1.253E+02 
From this, we obtain 

Ii - 997.1Z-91.61°mA . h = 368.7Z-135.3° mA . 
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Chapter 13, Problem 79. 


Use PSpice to find Ii, I 2 , and I 3 in the circuit of Fig. 13.141. 


7ÌOOQ 80 Q 



Figure 13.141 

ForProb. 13.79. 
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Chapter 13, Solution 79. 


The schematic is shown below. 


ki = 15/V5000 = 0.2121, = lO/VSOOO = 0.1118 

In the AC Sweep box, we type Total Pts = 1, StaitFreq = 0.1592, and End Freq = 
0.1592. After the circuit is saved and simulated, the output includes 


FREQ 

IM(V PRINTl) 

IP(V PRINTl) 

1.592 E-01 

4.068 E-01 

-7.786 E+01 

FREQ 

IM(V_PRINT2) 

IP(V_PRINT2) 

1.592 E-01 

1.306 E+00 

-6.801 E+01 

FREQ 

IM(V_PRINT3) 

IP(V_PRINT3) 

1.592 E-01 

1.336 E+00 

-5.492 E+01 


Thus, Ii = 1.306Z-68.Qr A . h = 4Q6.8Z-77.86^ mA . I 3 = 1.336Z-54.92^ A 


IPRINT 



[g K1 
K_Linear 

COUPLING=0.2121 

L1=L1 

L2=L2 


[B K2 
K_Linear 

COUPLING=0.1118 

L1=L1 

L2=L3 
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Chapter 13, Problem 80. 


Rework Prob. 13.22 using PSpice. 

Chapter 13, Solution 80. 

The schematic is shown below. 


ki = 10/V40x80 = 0.1768, = 20/V40x60 = 0.482 

k 3 = 30/^/80x60 = 0.433 

In the AC Sweep box, we set Total Pts = 1, Stait Freq = 0.1592, and End Freq = 
0.1592. After the simulation, we obtain the output file which includes 

FREQ IM(V PRINTl) IP(V_PRINT1) 

1.592 E-01 1.304 E+00 6.292 E+01 
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Chapter 13, Problem 81. 


Use PSpice to find Ii, I 2 , and I 3 in the circuit of Fig. 13.142. 


2H 



1 H 


Figure 13.142 

ForProb. 13.81. 
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Chapter 13, Solution 81. 


The schematic is shown below. 


ki = 2/V4^ = 0.3535, = l/V^ = 0.25 


In the AC Sweep box, we let Total Pts = 1, StailFreq = 100, and End Freq = 100. 
After simulation, the output file includes 


FREQ 

IM(V PRINTl) 

IP(V PRINTl) 

1.000 E+02 

1.0448 E-01 

1.396 E+01 

FREQ 

IM(V PRINT2) 

IP(V PR1NT2) 

1.000 E+02 

2.954 E-02 

-1.438 E+02 

FREQ 

IM(V PRINT3) 

IP(V PR1NT3) 

1.000 E+02 

2.088 E-01 

2.440 E+01 

i.e. Ii = 

104.5Z13.96° mA. h 

= 29.54Z-143.8® mA. 


I 3 = 208.8Z24.4^ mA . 


ACfVlAG=120V 

ACPHASE=0 


[R| K1 
K_Linear 

COUPLINGI=0.3535 



IPRINT 


COUPLING=1 
L1=L1 
L2=L3 
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Chapter 13, Problem 82. 


Use PSpice to find Vi, V 2 , and C in the circuit of Fig. 13.143. 


16 a 78 n 



Figure 13.143 

ForProb. 13.82. 
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Chapter 13, Solution 82. 


The schematic is shown below. In the AC Sweep box, we type Total Pts = 1, 
StailFreq = 0.1592, and End Freq = 0.1592. After simulation, we obtain the output 
fìle which includes 


FREQ 

IMÍV PRINTl) 

IP(V PRINTl) 

1.592 E-01 

1.955 E+01 

8.332 E+OI 

FREQ 

IM(V PRINT2) 

IP(V PRINT2) 

1.592 E-01 

6.847 E+01 

4.640 E+OI 

FREQ 

IM(V PRINT3) 

IP(V PRINT3) 

1.592 E-01 

4.434 E-01 

-9.260 E+01 


i.e. Vi = 19.55Z83.32^ V . V 2 = 68.47Z46.4^ V . 
lo = 443.4Z-92.6^ mA . 


IPRINT 



ACMAG=30V 

ACPHASE=0 
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Chapter 13, Problem 83. 

Find Ix and V.c in the circuit of Fig. 13.144 using PSpice. 



Figure 13.144 

ForProb. 13.83. 


Chapter 13, Solution 83. 

The schematic is shown below. In the AC Sweep box, we set Total Pts = 1, Stait Freq 
= 0.1592, and End Freq = 0.1592. After simulation, the output file includes 


FREQ IM(V PRINTl) IP(V PRINTl) 

1.592 E-01 1.080 E+00 3.391 E+01 


FREQ VM($N 0001) VP($N 0001) 

1.592 E-01 1.514 E+01 -3.421 E+01 


i.e. ix = 1.08Z33.91^A > = 15.14Z-34.21^ V . 
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Chapter 13, Problem 84. 


Detennine Ii, I 2 , and I 3 in the ideal tansfoiTner circuit of Fig. 13.145 using PSpice. 



Figure 13.145 

ForProb. 13.84. 
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Chapter 13, Solution 84. 

The schematic is shown below. we set Total Pts = l,StaitFreq = 0.1592, and End 
Freq = 0.1592. After simulation, the output file ineludes 


FREQ 

IM(V PRINTl) 

IP(V PRINTl) 

1.592 E-01 

4.028 E+00 

-5.238 E+01 

FREQ 

IM(V PR1NT2) 

IP(V PRINT2) 

1.592 E-01 

2.019 E+00 

-5.211 E+01 

FREQ 

IM(V PR1NT3) 

IP(V PRINT3) 

1.592 E-01 

1.338 E+00 

-5.220 E+01 


i.e. Ii = 4.Q28Z-52.38^ A . h = 2.019Z-52.11^ A . 
I 3 = 1.338Z-52.2^ A . 


L1 TURNS=100000 



L2“TURNS=300000 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei-ved. No part 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher. or used beyond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual coui'se prepaiation. If you are a student using this Manuah 
vou are using it without permission. 






Chapter 13, Problem 85. 


A stereo amplifier circuit with an output impedance of 7.2 is to be matched to a 
speaker with an input impedance of 8 Q by a fiansfoimer whose primaiy side has 3,000 
tums. Calculate the number of tums required on the secondaiy side. 


Chapter 13, Solution 85. 


Zi 



For maximum power tiansfer, 

Zi = Zl/ii^ or = Zl/Zi = 8/7200 = 1/900 
n = 1/30 = N 2 /N 1 . Thus N 2 = Ni/30 = 3000/30 = IQQ turns . 

Chapter 13, Problem 86. 

A ti'ansfoiTner having 2,400 tums on the primaiy and 48 tums on the secondaiy is used as 
an impedance-matching device. What is the reflected value of a 3-Q load connected to 
the secondaiy? 

Chapter 13, Solution 86. 

n = N 2 /N 1 = 48/2400 = 1/50 
Zti, = ZL/n^ = 3/(l/50)^ = 7.5 kfì 
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Chapter 13, Problem 87. 


eOd A radio recdver has an input resistance of 300^2. When it is connected directly to 
an antenna system with a characteristic impedance of 75 Q, an impedance mismatch 
occurs. By inseiting an impedance-matching transfoiTner ahead of the receiver, maximum 
power can be realized. Calculate the required tums ratio. 


Chapter 13, Solution 87. 


Ztii = Zl/u^ or n = = V75/300 = 


Chapter 13, Problem 88. 


A step-down power transfomier with a tums ratio of n = 0.1 supplies 12.6 V ims to a 
resistive load. If the primaiy cuiTent is 2.5 A ims, how much power is delivered to the 
load? 


Chapter 13, Solution 88. 


n = V 2 /V 1 = I 1 /I 2 or I 2 = Ii/n = 2.5/0.1 = 25 A 
p = IV = 25x12.6 = 315 watts 
Chapter 13, Problem 89. 


A 240/120-V iTns power transfonner is rated at 10 kVA. DeteiTnine the tums ratio, the 
primaiy cument, and the secondaiy cument. 


Chapter 13, Solution 89. 

n = V 2 /V 1 = 120/240 = 0.5 
S = IiVi 01 -Ii = SA^I = 10xl0V240 = 41.67 A 

S = I 2 V 2 01-12 = SA ^2 = 10''/120 = 83.33 A 
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Chapter 13, Problem 90. 

A 4-kVA, 2,400/240-V nns transfonner has 250 tums on the primaiy side. Caleulate: 

(a) the tums ratio, 

(b) the number of tums on the seeondaiy side, 

(c) the primaiy and secondaiy cunents. 

Chapter 13, Solution 90. 

(a) n = V 2 /V 1 = 240/2400 = M 

(b) n = N 2 /N 1 or N 2 = nNi = 0.1(250) = 25 turns 

(c) S = IjVi 01 -Ii = SA^I = 4xl0V2400 = 1.6667 A 

S = I 2 V 2 orl 2 = S/V 2 = 4xl0V240 = 16.667 A 

Chapter 13, Problem 91. 

A 25,000/240-V ims distiibution tiansfoimer has a primaiy cuiTent rating of 75 A. 

(a) Find the transfoimer kVA rating. 

(b) Calculate the secondaiy cunent. 

Chapter 13, Solution 91. 

(a) The kVA rating is S = VI = 25,000x75 = 1875 kVA 

(b) SinceSi = S 2 = V 2 I 2 and I 2 = 1875x10^/240 = 7812 A 

Chapter 13, Problem 92. 

A 4,800-V ims transmission line feeds a distríbution transfoimer with 1,200 tums on the 
prímaiy and 28 tums on the secondaiy. When a 10-T2 load is eonneeted aeross the 
secondaiy, find: 

(a) the seeondaiy voltage, 

(b) the prímaiy and secondaiy euiTents, 

(e) the power supplied to the load. 

Chapter 13, Solution 92. 

(a) V 2 /V 1 =N 2 /Ni = n, V 2 =(N 2 /Ni)Vi = (28/1200)4800 = 112 V 

(b) I 2 = V 2 /R = 112/10 = 11.2 A and Ii = nl^, n = 28/1200 
Ii = (28/1200)11.2 = 261.3 mA 

(c) p = |I 2 |^R = (11.2)^(10) = 1254 watts . 
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Chapter 13, Problem 93. 


A four-winding tiansfoiTner (Fig. 13.146) is often used in equipment (e.g., PCs, VCRs) 
that may be operated fiom either 110 V or 220 V. This makes the equipment suitable for 
both domestic and foreign use. Show which connections are necessaiy to provide: 

(a) an output of 14 V with an input of 110 V, 

(b) an output of 50 V with an input of 220 V. 



Figure 13.146 

ForProb. 13.93. 
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Chapter 13, Solution 93. 


(a) For an input of 110 V, the primai'y winding must be connected in parallel, with 
seríes aiding on the secondaiy. The eoils must be seríes opposing to give 14 V. Thus, 
the connections are shown below. 



(b) To get 220 V on the prímaiy side, the eoils are connected in seríes, with seríes 
aiding on the secondaiy side. The coils must be connected seríes aiding to give 50 V. 
Thus, the conneetions are shown below. 
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Chapter 13, Problem 94. 


* A 440/110-V ideal tiansfoiTner can be connected to become a 550/440-V ideal 
autotransfoimer. There are four possible connections, two of which are wi‘ong. Find the 
output voltage of: 

(a) a wi‘ong connection, 

(b) the ríght connection. 


* An asterísk indicates a challenging problem. 


Chapter 13, Solution 94. 

V 2 /V 1 = 110/440 = 1/4 = I 1 /I 2 

There are four ways of hooking up the transfoimer as an auto-hansfoimer. However it is 
clear that there are only two outcomes. 



(1) and (2) produce the same results and (3) and (4) also produce the same results. 
Therefore, we will only consider Figure (1) and (3). 


(a) ForFigure(3), V 1 /V 2 = 550/^2 = (440 - 110)/440 = 330/440 

Thus, V 2 = 550x440/330 = 733.4 V fnot the desired result) 

(b) ForFigure(l), V 1 /V 2 = 550/^2 = (440 + 110)/440 = 550/440 

Thus, V 2 = 550x440/550 = 440 V (the desired resultì 
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Chapter 13, Problem 95. 


Ten bulbs in parallel are supplied by a 7,200/120-V ti'ansfoimer as shown in Fig. 13.147, 
where the bulbs are modeled by the 144-Q resistors. Find: 

(a) the tums ratio n, 

(b) the euiTent through the prímaiy winding. 



Figure 13.147 

ForProb. 13.95. 


Chapter 13, Solution 95. 

(a) n = Vs/Vp = 120/7200 = im 

(b) h = 10x120/144 = 1200/144 

S = Vplp = VJ, 

Ip = VJs/Vp = (l/60)xl200/144 = 139 mA 
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Chapter 14, Problem 1. 

Find the transfer function • of the RC circuit in Fig. 14.68. Express it using = 
MRC. 


c 



Figure 14.68 

ForProb. 14.1. 


Chapter 14, Solutìon 1. 


H(cû) = 


H((o) = 


Vq R 

V, R + l/jcoC 

l + ja)/co„ ’ 


jcûRC 
1 + jcûRC 

where 


H = I H(co) 


(«V(0o 

Vl + ((o/cOo)" 


(|) = ZH(co) = — - tan'^ 


í \ 

co 




This is a highpass filter. The frequency response is the same as that for P.P.14.1 except 
that cOq = 1/RC. Thus, the sketches of H and ^ are shown below. 
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Chapter 14, Problem 2. 


Obtain the tiansfer function ■ of the eircuit in Fig. 14.69. 


10 Q 



Figure 14.69 

ForProb. 14.2. 


Chapter 14, Solutìon 2. 


H(s) 


Zo 

Vi 


2 + 


1 

sTs 


10 + 20 + — 
s/8 


2 + 8/s 1 s + 4 

12 + 8/s ” 6S + 0.6667 
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Chapter 14, Problem 3. 

For the circuit shown in Fig. 14.70, find H(5') ^ . (s). 






Figure 14.70 
ForProb. 14.3. 


Chapter 14, Solutìon 3. 

0.2F -> 

j(oC 


1 _5 

i'(0.2) ~ í 


O.lf -> -= — 

i-(O.l) i 

The circuit becomes that shown below. 

5 



10 5 10,.1 + i. 

Let Z=i^//(5 + ^)= -- y = ^;^ -- =i^ 

" " 5 + i^ ^(3 + i) + 

V, = -^v^. 

‘ Z + 2 ' 

V =—-—V =—V. 

" 5 + 5/i ‘ i + 1 ‘ i + 1 Z + 2 ' 


10(i + l) 

, i(i + 3) _HL_ 5i 

A- “ s + l* 2 I 10(^^ + 1) ~ 2 i(i + 3) + 10 (i + l) ~ i^ + 8i + 5 

í(s + 3) 
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Chapter 14, Problem 4. 

Find the transfer funetion H( ) = V^ • of the circuits shown in Fig. 14.71. 


L 

o-^m^ 

+ 

V, 


(a) 


o- 

+ 


V,- 


(b) 


-o 

+ 


Figure 14.71 
ForProb. 14.4. 


Chapter 14, Solutìon 4. 

1 


(a) 


R| 


R 


jcoC 1 + jcoRC 


R 


H(co) = |^ = 


1 + j (oRC 


j(oL + 


R 


R 

1 + j (oRC 


R + j(oL(l + j(oRC) 


H((o) = 


_R_ 

- co^RLC + R + j(oL 


(b) 


H((o) = 


R + j (oL 

R +j(oL + l/j(oC 


j(oC(R +j(oL) 

1 +j(oC(R +j(oL) 


- (0 LC + j(oRC 

H((o) =-;- - - 

l-(o'LC + j(oRC 
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Chapter 14, Problem 5. 

For each of the circuits shown in Fig. 14.72, find YL(s) = (s). 


R, 




Figure 14.72 
ForProb. 14.5. 


Chapter 14, Solutìon 5. 


(a) Let Z=RllsL = 


sRL 

R + sL 


" Z+R^ ' 




sRL 
R + sL 


sRL 


r Z + R^ jç ^ SRL RR^ +s(R + R^)L 
' R + sL 


1 R 

(b) Let Z = RII — =-^ =- 

sC \ + sRC 

sC 


V=- 


Z + sL 


V 

H(s) = ^ 

Vi 


z 

Z + sL 


R 


1 + sRC 


sL + 


R 

1 + sRC 


R 

s^LRC + sL + R 
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Chapter 14, Problem 6. 

Forthe circuit shown in Fig. 14.73, findH(5) = I ^ (^)/! ^ ( 5 ). 


1 H 



Figure 14.73 

ForProb. 14.6. 

Chapter 14, Solution 6. 

\H -> jcoL = sL - s 

Let Z = sll\ = — 
s -\-\ 

We eonvert the cunent souree to a voltage source as shown below. 

1 S 



K=- 


Z -h S ~h 1 


iCxì) = - 


s 

A" +1 


+ 1 + - 


5 + 1 



H{s) = 


S ^ +35 + 1 

ío_ 

5^+35 + ! 


Sls _ 

(5 + 1)^ + 5 5^ +35 + 1 
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Chapter 14, Problem 7. 

Calculate H(íy)| equals 

(a) 0.05dB 

(b) -6.2 dB 

Chapter 14, Solutìon 7. 

(a) 0.05 = 201ogi„H 


2.5x10-' =log,„H 

H = 102 5x10’ =1,005773 

(b) 

-6.2 = 201ogioH 

-0.31 = log,„H 

H = 10-"'‘ = 0.4898 

(c) 

104.7 = 20 logioH 

5.235 = logio H 

H = 10''" = 1.718x10' 


Chapter 14, Problem 8. 


Detemiine the magnitude (in dB) and the phase (in degrees) of H( íu ) = at co = ì if 
H [co) equals 

(a) 0.05 dB (b) 125 (c) (d) + —-— 

2 +jco 2. + júJ 


Chapter 14, Solution 8. 


(a) 

H = 0.05 

Hjj, = 201og,o 0.05 = - 26.02, 

(|)= 0° 

(b) 

H = 125 

H,„, = 201og,„125 = 41.94, 

(t)=0° 

(c) 

jio 

H(l) = -— = 4.472^63.43° 

2 + j 



H,„, = 201og,„ 4.472 = 13.01, 

(f) = 63.43° 

(d) 

H(l) = :^ + :^ = 3.9-j2.7 = 
1+J 2+j 

4.743Z-34.7° 


Hjb = 201ogio 4.743 = 13.521, 

1 

II 

-©- 
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Chapter 14, Problem 9. 

A ladder network has a voltage gain of 

H(íy)=-- 

(1 + j(o)(lO + joj) 

Sketeh the Bode plots for the gain. 


Chapter 14, Solutìon 9. 

_ 1 _ 

(1 +jco)(l +jco/lO) 

Hjb =-201 ogi„|l +jco|-201ogijl +jco/10| 
(|) = -tan'^(co)-tan'^(co/10) 

The magnitude and phase plots are shown below . 
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Chapter 14, Problem 10. 


Sketch the Bode magnitude and phase plots of: 




50 

j(OÌ5 + j(o) 


Chapter 14, Solution 10. 
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Chapter 14, Problem 12. 


A transfer function is given by 

T(s) = 

s(í + 10) 

Sketch the magnitude and phase Bode plots. 
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Chapter 14, Problem 13. 

Constmct the Bode plots for 




ò" +1 

(s +10) 


s=jco 


Chapter 14, Solutìon 13. 

1 + jû) _ (1/10X1+ jco) 

^ (jco)"(10 +jco) (jco)"(l + jco/10) 

= -20 + 201og^o| 1 +jco|-401og^y| jco|-201og^y| 1 +jco/10 
^ = -180^+ tan'^co- tan'^ co/10 


The magnitude and phase plots are shown below . 
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Chapter 14, Problem 14. 

Draw the Bode plots for 

H(»). + 


jo)(—(o^ +10 joj + lS) 


Chapter 14, Solution 14. 

50 

H(co) 


25 <' 

Ji»| 


1 +jco 


1+M^+í 

25 


V 


2^ 


Hjb = 201og,o 2 + 201og,o 1 1 + jco I - 201og,„| jco 
-201og,„|l +jco2/5 + (jco/5)" | 




-90"" +tan'^ co-tan'^ 


^colO/25^ 

ll-coV5y 


The magnitude and phase plots are shQwii below . 
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Chapter 14, Problem 15. 

ConstiTict the Bode magnitude and phase plots for 


(s + 2)(s + ÌO) 


s=jco 


Chapter 14, Solutìon 15. 


H((o) = 


40(1+ jco) 


2 (l + jco) 


(2 + jco)(10 + jco) (1 + jco/2)(l + jco/10) 


Hjb =201 og^o2 + 201og^y 1 + jco -201og^y 1 +jco/21 - 201og^o l + j(o/10 


(|) = tan'^ co- tan‘^ co/2 - tan'^ co/10 
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Chapter 14, Problem 16. 

Sketch Bode magnitude and phase plots for 
10 


H(s) = 


+5 + 16) 


S=JCO 


0.625 


i+>+ífT 



2 

V 4 j 


V 4 J 



Chapter 14, Solutìon 16. 

Ì(o 


Hjij = 20 log 0.625-20 log | jû> \ -20 log 11 + j<y +1 ^ 
(201og0,625=-4.082) 

The magnitude and phase plots are shown below. 
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Chapter 14, Problem 17. 


s=jco 


(1/4) jco 
'''^'“(l + jco)(l + ja)/2)^ 

GdB = -201og,„4 + 201og,„| jco| - 201og,„| 1 + jco | - 401og,o| 1 + jco/21 
(|) = -90°-tan'^co-2tan'^(o/2 

The magnitude and phase plots are showii below . 




Sketch the Bode plots for 

G(S)= --, 

(5 + 2 ) + (.S' + 1) 

Chapter 14, Solutìon 17. 
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Chapter 14, Problem 18. 


±í 


ML 


A linear network has this transfer function 


H(s) = 


1 + 4 

(s^ + 85 ^ +14^ + 5) 


s=jw 


Use MATLAB or equivalent to plot the magnitude and phase (in degrees) of the transfer 
function. Take OA < a> < lOrads/s. 

Chapter 14, Solutìon 18. 

The MATLAB eode is shown below. 

» w=logspace(- 1 , 1 , 200 ); 

» s=i*w; 

»h=(7*s."^2+s+4)./(s.^3+8*s.^2+14*s+5); 

» Phase=unwrap(angle(h))*57.23; 

» semilogx(w,Phase) 

» grid on 
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Now for the magnitude, we need to add the following to the above, 


» H=abs(h); 
»HdB=20*logl0(H); 
» semilogx(w,HdB); 
» grid on 



w 
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Chapter 14, Problem 19. 

Sketch the asymptotic Bode plots of the magnitude and phase for 
1005 


H(s) = 


(5 + 10)(5 + 20)(5 + 40)’ 


s=jú} 


Chapter 14, Solutìon 19. 


H{(o) = 


100 joj 

{jco + l0){jco+20){j(o + 40) 


jco / 80 

10 20 40 


H,, = 201og(l/80) +201og I joHl \ -201og 11 + ^ | -201og 11 + ^ | -201og 11 + ^ | 
(201og(l/80) =-38.06) 

The magnitude and phase plots are shown below. 




PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pait 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher, or used bevond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without permission. 





Chapter 14, Problem 20. 


Sketch the magnitude Bode plot for the ti'ansfer function 
10 jû) 


H{o}) = 


{jco + ì){jco + 5)^{jco + 40) 


Chapter 14, Solution 20. 


H{co) = 


_ ^0j(o _ 

(25)(40)(1 + jco){l + jco / 5)^ (1 + > / 40) 


jco/100 

{l + jco){ì + jco/5)\l + jco/40) 


201og(l/100) = -40 
The magnitude plot is shown belo'vv. 
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Chapter 14, Problem 21. 

Sketch the magnitude Bode plot for 
s(s-\-20) 


m= 


(í + l)(í' +60í) = (400) 


s=j(a 


Chapter 14, Solution 21. 

jcoijío + 20) 


Hioj) = - 


20j(oil + jú)/20) 


H(a)) = 


ij(o + l)i-(o +60jo)+400) 


0.05j(o(l + j(ú/20) 

40 I 20 

V ^ ■ 


400(7(y+l)(l + 60;(y/400+1 ^ | ) 


H dB = 20 log(0.05) + 20 log| j (û| + 20 log 1 + 
The magnitude plot is as sketehed below. 


JÇû 

20 


-20 logll + j(o| - 20 logll + J ® 


40 120 
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Chapter 14, Problem 22. 


Find the transfer function H( ^) with the Bode magnitude plot shown in Fig. 14.74. 



Figure 14.74 

ForProb. 14.22. 


Chapter 14, Solutìon 22. 

20 = 201og,,k -> k = 10 

A zero of slope + 20 dB/dec at co = 2 -> 1 + jco/2 

1 

A pole ot slope - 20 dB / dec at co = 20 -> ^—— 

l + jco/20 

1 

A pole oí slope -20 dB/dec at co = 100 -> -—^——— 

^ 1 + jco/lOO 

Hence, 

10(l + j(o/2) 

(l + j®/20)(l + jco/100) 

10^2+ j(D) 

(20 +j(o)(100 +j(o) 


H((o) 

H((o) 
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Chapter 14, Problem 23. 


The Bode magnitude plot of H( ) is shown in Fig. 14.75. Find H( (o ). 



Figure 14.75 
ForProb. 14.23. 


Chapter 14, Solution 23. 


A zero of slope + 20 dB / dec at the origin -> jco 

A pole of slope - 20 dB / dec at co = 1 -> -^—- 

1 + J£0/1 


A pole of slope - 40 dB /dec at co = 10 - > — ^ 


Hence, 


H(co) 


_ jto 

(1 +jco)(l +jco/10)^ 


H(co) 


100 joï 

(l + j(o)(10 +jco)^ 
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Chapter 14, Problem 24. 


The magnitude plot in Fig. 14.76 represents the transfer function of a preamplifier. Find 
H(s). 



Figure 14.76 

ForProb. 14.24. 


Chapter 14, Solutìon 24. 

4o = 20iog^o^ —> 7;: = 100 

There is a pole at co=50 giving l/(l+jco/50) 

There is a zero at co=500 giving (1+jco/500). 

There is another pole at co=2122 giving 1/(1 + jco/2122). 
Thus, 


or 


H(aj) = 


40(1 +>/500) 


(l + >/50)(l + >/2122) 


40x - (s-^500) 

_ 500 

+x—(i' + 50)(í + 2122) 
50 2122 


His) = 


8488(6'+ 500) 

(6 + 50)(6- + 2122) 
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Chapter 14, Problem 25. 


A series RLC network has 7? = 2kQ,L = 40 mH, and C = 1 // F. Calculate the 
impedance at resonance and at one-fourth, one-half, twice, and four times the resonant 
frequency. 
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Chapter 14, Solutìon 25. 

1 1 


Vï^ V(40xl0-')(lxl0-'') 


= 5 krad/s 


Z(a)J = R = 2kn 

, ''( ûf , 4 

Z(a)j4) = R + j ^L- — 

v 4 COf.C 


f 5 X lO^ 4 

ZK/4) = 2000 + j[— 


Z(a)„ /4) = 2000 + j (50 - 4000/5) 


Z(a)„/4)= 2-j0.75kí2 

1 í®o 2 

Z(a)„/2) = R + j ^L- — 

V Z COnV^ 


, Í(5xl0^) , 2 

Z(a),,/2) = 2000 + j -^(40x10-')--^- 7 - 

^ ■’V 2 ' ^ (5xl0')(lxl0'') 


Z(a)o/2) = 200+j(l 00-2000/5) 
Z(a)„/2)= 2-j0.3kn 


Z(2a)„) = R + j 2a)„L-' 


Z(2co„) = 2000 + j^(2)(5xl0-)(40xl0-)- ^^^^^^^^3^^^^^^,^ 


Z(2a)„) = 2 + j0.3kn 


Z(4a)„) = R + j 4a)„L-' 


Z(4a)„) = 2000 + j |^(4)(5 x 10"* )(40 x 10 ') - 
Z(4a)„) = 2 + j0.75kn 


(4)(5xl0')(lxl0-'') 
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Chapter 14, Problem 26. 


A coil with resistance 3 and inductance 100 mH is connected in series with a capacitor 
of 50 pF, a resistor of 6 and a signal generator that gives 110 V rms at all Irequencies. 
Calculate and B at resonance of the resultant series RLC circuit. 


Chapter 14, Solutìon 26. 

Consider the circuit as shown below. This is a series RLC resonant circuit. 


6 Q 50 pF 3 Q 



R=6+3=9Q 




VIc Vl00,ïl0^ï50,ïl0^ 


: 447.21 krad/s 


co„L AAl 2\xW xXOOxXe 
R 9 - 


Q 4969 - 
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Chapter 14, Problem 27. 

Design a series RLC resonant eireuit with = 40 rad/s and 5=10 rad/s. 


Chapter 14, Solutìon 27. 


ù)„=^= = 40 -> LC = -^ 

" yflc 40 " 


R = 10L 


B = ^ = 10 
L 

Ifweselect R=1_Q, then L= R/10 = 0.1 H and 


C = — L = —/-= 6.25mF 

40" L 40",v:0.1 - 


Chapter 14, Problem 28. 


Design a series RLC circuit with 5 = 20 rad/s and = 1,000 rad/s. Find the circuit’s Q. 
Let 5 = 10 Q. 


Chapter 14, Solution 28. 

Let R = 10 Í2. 


R 10 

L = —= —= 0.5H 
B 20 


C = 


1 


1 


cojL (1000)^(0.5) 


= 2|aF 


Cûn 1000 


B 20 


50 


Therefore, if R = 10 then 

L=0.5H, C=2pF, 


Q= 50 
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Chapter 14, Problem 29. 


Let v ^ = 20 cos(ar) V in the circuit of Fig. 14.77. Find , g, and 5, as seen by the 
capacitor. 


12 kQ 



Figure 14.77 

ForProb. 14.29. 


Chapter 14, Solutìon 29. 

We convert the voltage source to a current source as shown below. 



/ = —cosíy/, R= 12//45= 12x45/57 = 9.4737 kD 
' 12 


1 


0 ), 


4 lc V 60 .d 0 ^ïLdO 
1 1 


= 4.082 krad/s 


B = 


RC 9.4737.rl0^d0-'’ 
M 4082 


= 105.55 rad/s 




B 105.55 


= 38.674 =38.67 
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Chapter 14, Problem 30. 


A circuit consisting of a coil with inductance 10 mH and resistance 20 is connected in 
series with a capacitor and a generator with an rms voltage of 120 V. Find: 

(a) the value of the capacitance that will cause the circuit to be in resonance at 15 kHz 

(b) the current through the coil at resonance 

(c) the Q of the circuit 

Chapter 14, Solutìon 30. 

Select R = 10Í2. 

R 10 

-=-= 0.05 H = 50 mH 

cooQ (10)(20) 


co^L (100)(0.05) ■ 

Therefore, if R = 10 Q then 

L = 50mH, C=0.2F, B=0.5rad/s 


L = 

C = 

B = 


Chapter 14, Problem 31. 

e0d 

Design a parallel resonant RLC circuit with co^ = lOrad/s and Q = 20. Calculate the 
bandwidth of the circuit. Let/? = 10Í2. 


Chapter 14, Solution 31. 


Xl =cûL 




L = 


Xl 


CO 


R _ coR _ 2nxl0xl0^x5.6xl0^ 
L Xl 40x10^ 


8.796x10^ rad/s 
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Chapter 14, Problem 32. 

A parallel RLC circuit has the following values: 

7? = 60 Q, L = 1 mH, and C = 50 //F. 

Find the quality factor, the resonant Ifequency, and the bandwidth of the RLC circuit. 

Chapter 14, Solution 32. 


1 


1 


0)^ - 


B 


4ÏZ Vl0-^ï50.d0-' 
1 _ 1 
^ ~ 60,ï50,d0" 


= 4.472 krad/s 


333.33 rad/s 


_ 4472 
^ B 333.33 


= 13.42 


Chapter 14, Problem 33. 

A parallel resonant circuit with quality factor 120 has aresonant Ifequency of 6 x 1 O^ 
rad/s. Calculate the bandwidth and half-power ífequencies. 


Chapter 14, Solutìon 33. 

Q = a)oRC -> C= ^ -- = 56.84 pF 

2îiÍqR 2jtx5.6x10°x40x10^ 


Q = 


R 

cOqL 


R _ 40x10^ 

2nfoQ 2nx5.6xl0^x80 


14.21 uH 


Chapter 14, Problem 34. 

A parallel RLC circuit is resonant at 5.6 MHz, has a Q of 80, and has a resistive branch of 
40 kQ. Determine the values of L and C in the other two branches. 


Chapter 14, Solutìon 34. 

(a) (úq = Ì— = . ^ — = 1.443 krad/s 

^LC V8xl0“^x60xl0“^ 

(b) B = — =--- = 3.33rad/s 

RC 5x10^x60x10“^ 

(c) Q = co..RC = 1.443x10^x5x10^x60x10“^ = 432.9 
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Chapter 14, Problem 35. 


A parallel RLC circuit has 7? = 5kQ, L = 8 mH, and C= . Deteimine: 

(a) the resonant fi'equency 

(b) the bandwidth 

(c) the quality factor 


Chapter 14, Solutìon 35. 

At resonance, 

1 


^=R 


1 


Q = C0(,RC -> C = 


1 


Y 25x10-" 

Q 


40fí 

80 


1 


co,, = 


“ Vlc 


L = 


cOoR (200xl0")(40) 
1 1 


10 nF 


co^C (4xl0“’)(10xl0-'') 


2.5 ^iH 


co,, 200x10" 


B = — : 


80 


= 2.5 krad/s 


B 


co^ =coo - - = 200 -1.25 = 198.75 krad/s 
con = con + ^ = 200 +1.25 = 201.25 krad/s 
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Chapter 14, Problem 36. 


It is expected that a parallel RLC resonant circuit has a midband admittance of 25 x 
110“^ S, quality factor of 80, and a resonant frequency of 200 ki*ad/s. Calculate the 
values of R, L, and C. Find the bandwidth and the half-power frequencies. 


Chapter 14, Solution 36. 


íj3(j = = 5000 rad / s 


YK): 


Z(coJ = R= 2kn 


Y(coo/4) = l + j 


R 4 conL 


: 0.5-jl8.75 mS 


Z((a,, /4) =-= 1.4212 + j53.3 Q 

^ ^ 0.0005-jO.Ol875 - i - 


Y(a)o /2) = 1 + j ^ C - ^ = 0.5 - j7.5 mS 

R \ 2 ©oL ) 


Z(co„ /2) =-^-= 8.85 + jl32.74 Q 

^ ^ 0.0005-jO.0075 - i - 


Y(2coo) = —+ j 2cooL--—- =0.5 + j7.5 mS 
R 2cooCj 

Z(2co„) = 8.85-jl32.74Q 


Y(4coo) = ^ + Ì\ 4cooL - = 0.5 + jl 8.75 mS 

R 4cooC J 

Z(4co„) = 1.4212-j53.3Q 
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Chapter 14, Problem 37. 


Rework Prob. 14.25 if the elements are connected in parallel. 


Chapter 14, Solution 37. 


jcoL(R + —) 

Z = jcoL//(R + -^) = - , 

jcoC 


L .... 
— + jcoLR 
C y 


R_j(coL-J-) 

CoC y 


R^ + (coL ——)^ 
coC 


Im(Z) = 


coLR^ --ícoL —— 
coC, 

r2+(coL-J-)2 

coC 


= 0 


-+ co^(LC-R^c2) = 1 


Thus, 


co - 


Vlc- 


2^2 


R^C 
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Chapter 14, Problem 38. 

Find the resonant íì'equency of the eireuit in Fig. 14.78. 


c 



R 


Figure 14.78 

ForProb. 14.38. 


Chapter 14, Solution 38. 


Y = 


1 


R + j coL 


+ jcoC = jcoC + 


R - jcoL 


At resonance, Im(Y) = 0, i.e. 

co„L 




= 0 


R' +^0^^"^ =- 



1 


(40xl0'^)(lxl0'") 


- 6 > 


50 


U0xl0“ 


con = 4841 rad/s 
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Chapter 14, Problem 39. 


For the “tank” circuit in Fig. 14.79, find the resonant frequency. 


L cos ojt 



Figure 14.79 

ForProbs. 14.39 and 14.91. 

Chapter 14, Solutìon 39. 


(a) 


(b) 

(c) 

(d) 

(e) 


B = cd 2 -coi = 2Tc(f2 -fi) = 2tc(90-86)x10^ = 8Tckrad/s 


®o =^(®1+®2) = 23i(88)x10^ =176tiX10^ 

b^_L _ , c_ 1 _ 1 

RC BR 811x10^x2x10^ 


= 19.89nF 


co, 


° VTc 


L: 


cûLc (176 icX10^)^x19.89x10“^ 


164.45 uH 


cOq = 176tt = 552.9ki'ad/s 


B = 8ii = 25.13krad/s 


B 871 ^ 
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Chapter 14, Problem 40. 


A parallel resonance circuit has a resistance of 2 and half-power fiequencies of 86 

kHz and 90 kHz. DeteiTnine: 

(a) the capacitance 

(b) the inductance 

(c) the resonant fi'equency 

(d) the bandwidth 

(e) the quality factor 


Chapter 14, Solution 40. 

(a) L = 5 + 10= 15niH 




_ 1 _ 

Vl5xl0“^x20xl0“^ 


1.8257 k rad/sec 


Q = cooRC = 1.8257x10^x25x10^x20x10“^ = 912.8 


1 


RC 


---^ = 2 rad/s 

25x10^20x10“^ 


(b) To increase B by 100% means that B’ = 4. 


RB' 25x10^x4 


10 uF 


c c 

Since C' = — ^ ^ = lOpF and Ci = 20 pF, we then obtain C 2 = 20 pF. 

Ci +C2 

Therefore, to increase the bandwidth, we merely add another 20 uF in series 
with the fírst one. 
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Chapter 14, Problem 41. 

For the circuit shown in Fig. 14.80, next page: 

(a) Calculate the resonant frequency co ^, the quality factor Q, and the bandwidth B. 

(b) What value of capacitance must be connected in series with the 20- /^F capacitor in 
order to double the bandwidth? 


5mH 



Figure 14.80 

ForProb. 14.41. 


Chapter 14, Solutìon 41. 

(a) This is a series RLC circuit. 

r = 2 + 6 = 8Q, L = 1H, C = 0.4F 


(0 


0 


_í _ ì__ 

ylLC~ y/ÔÂ 


= 1.5811 rad/s 


Q = 


cOoL 


R 


1.5811 

8 


0.1976 



8 rad/s 


(b) This is a parallel RLC circuit. 

(3)(6) 

SpFandópF -> W = 2pF 

3 + 6 

C = 2pF, R = 2kí2, L = 20mH 


co„ 


_l _ 1 _ 

VlC ~ 7(2x10''')(20xl0-") 


5 krad / s 


R 2x10' 

-=-= 20 

û),L (5xl0')(20xl0-') — 



_1_ 

(2xl0')(2xl0-^) 


= 250 rad/s 
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Chapter 14, Problem 42. 


For the circuits in Fig. 14.81, íind the resonant írequency co ^, the quality factor Q, and 
the bandwidth B. 



Figure 14.81 

ForProb. 14.42. 
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Chapter 14, Solutìon 42. 


(a) Z,„=(l/ja)C)||(R + jû)L) 

R + jcoL 


Z;., = ■ 


jcoC 


R + jcoL 


1 l-co^LC +jcoRC 


R + i coL + 

jcoC 

(R + jcoL)(l - co^LC - jcoRC) 
(l-co'LC)'+co'R'C' 


Atresonance, Im(ZjJ = 0, i.e. 

0 = coqL(1 — coqLC) — coqR^C 
coqL^C = L — R^C 

Il-R^C _ n 
\ L^C \ LC 


(b) Z,„ =R||(ja)L + l/jcoC) 

R(ja)L + l/ja)C) R(l-a)"LC) 

“ R + jcoL + 1/jcoC “ (1 - co"LC) + jcoRC 
R (1 - co^LC)[(l - co^LC) - jcoRC] 
(l-co'LC)'+co'R"C' 


At resonance, Ini(Z|„) = 0, i.e. 
0 = R(l-co'LC)coRC 
l-co‘LC = 0 
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Chapter 14, Problem 43. 

Calculate the resonant frequency of each of the circuits in Fig. 14.82. 



Figure 14.82 

ForProb. 14.43. 


Chapter 14, Solutìon 43. 

Consider the circuit below. 


1/jcoC 



z,„ 

Zi„ 

Zi„ 

Z.„ 

Zi„ 


RJojL 
vRj + jcoLy 


Rj + 



jcoR.L L 

R^+jcoL V ^ jû)Cy 

1 jR.íoL 

R,+-+ ^^-^- 

jcoC R^+jcoL 

jcoR^L(l +jcoR,C) 

(R^ + jcoL)(l + jcoR^C) - co^LCR^ 


- co^R^R^LC + jcoR j^L 
R^ -co^LCR^ -co^LCR^ + jco^L + R^R^C) 

(-co^RiR^LC + jcoR|L)[R^ — co^LCR^ — co^LCR^ — jco^L + R^R^C)] 
(R, -co'LCR, -co'LCRJ' +co'(L+R^R^C)' 
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At resonance, Ini(Z;,,) = 0, i.e. 

0 = co'RiR2LC(L + R,R2C) + (oRiL(Rj -co^LCR, -co^LCR^) 
0 = co'RfR^LC" +R>L-co'Ri"L"C 
0 = co^R^C^ +l-co'LC 
co" (LC-R^C") = 1 


1 

~ ^LC-R^C' 

_1_ 

" ” V(0.02)(9 X10-'") - (0.1)"(9 X10-'")" 
C 0 |i = 2.357 krad/ s 


(b) At co = cog = 2.357 krad /s, 

jcoL = j(2.357 X10' )(20 x 10'^) = j47.14 


j47.14 

II j®L = j^r^= 0.9996+ j0.0212 

1 _1_ 

^jcoC ” ^ j (2.357 X10' )(9 x 10''") 

Zi„K) = (RJ|jcoL)||(R,+l/jcoC) 


0.1-j47.14 


(0.9996+ j0.0212)(0.1-j47.14) 
“ (0.9996 + j0.0212) + (0.1 - j47.14) 
Zi„(co„) = lQ 
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Chapter 14, Problem 44. 

* For the circuit in Fig. 14.83, find: 
(a) thc rcsonant fi'cqucncy (ú^ 


9/tF 



Figure 14.83 
ForProb. 14.44. 

* An asterisk indicates a ehallenging problem. 

Chapter 14, Solution 44. 

We fínd the input impedance of the eircuit shown below. 



1 


l/jcoC 


1 

Z 


-jl-5 +j + 


jC 

1 + jC 


-j0.5 + 


1 + C" 


v(t) and i(t) ai'e in phase when Z is purely real, i.e. 

0 = -0.5 + ^^ -' (C-l)^=l or 


C= IF 


1 C" 1 
z“ 1 + C" ” 2 


Z = 2Q 


V = ZI = (2)(10) = 20 

v(t) = 20 sin(t) V, i.e. V„ = 20 V 
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Chapter 14, Problem 45. 


For the circuit shown in Fig. 14.84, find (ú^ , 5, and 2, as seen by the voltage across the 
inductor. 


30 kD 



Figure 14.84 

ForProb. 14.45. 

Chapter 14, Solution 45. 

Conveit the voltage source to a cuiTent source as shown below. 



R= 30//50 = 30x50/80 = 18.75 kQ 


This is a parallel resonant circuit. 

(ú^ - \. = 447.21 rad/s 

VLC VIOtIO ^v:50t10-' 

S = — =- \ -r = 1.067 rad/s 

RC 18.75,ïl0'.ï50.d0 " - 


<2 = 


B 


447.21 

1.067 


419.13 
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Chapter 14, Problem 46. 


For the network illustiated in Fig. 14.85, find 


(a) the transfer function l^{co) = y ^{co )/I( co ), 

(b) the magnitude of H at =1 rad/s. 



Figure 14.85 

For Probs. 14.46, 14.78, and 14.92. 


Chapter 14, Solution 46. 

(a) This is an RLC series circuit. 


co, 


VEc 




co^oL (2 jix15x10^)^x10x10 ^ 


= 11.26nF 


(b) 

(c) 


Z = R, I = V/Z = 120/20 = 6 A 


Q = ^ = íîílÌïlî/ïlMîl = ,5„ = 47.12 

R 20 - 
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Chapter 14, Problem 47. 


Show that a seríes LR circuit is a lowpass filter if the output is taken across the resistor. 
Calculate the comer fìequency/^. if L = 2 mH and R= 10 . 


Chapter 14, Solution 47. 

y, R 

H(Cû): 


V| R + jcoL l + jcoL/R 

H(0) = 1 and H( oo) = 0 showing that this circuit is a lowpass filter. 
At the comer ftequency, | H^co^) | = , i.e. 


1 


1 + 


co^L 

R 


^ 1 = 


co^L 

R 


or 


R 
“ L 


Hence, 


R 

= L = 


1 R 1 10x10' 

f .„, = 796kHz 


ln L 27t 2x10' 
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Chapter 14, Problem 48. 


Find the transfer function y , of the circuit in Fig. 14.86. Show that the circuit is a 
lowpass filter. 



IP: 


Figure 14.86 

ForProb. 14.48. 


Chapter 14, Solutìon 48. 


R| 


H(CO): 


jíoC 


jcoL + R 


1 


H((o) = - 


jcoC 

R/jg>C 

R + l/jcoC 


jcoL + 


H(co) = 


R/jcoC 

R + l/jcoC 

R 


R + jcoL - (o^RLC 


H(0) = 1 and H(oo) = 0 showmg that this circuit is a lovvpass fílter . 
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Chapter 14, Problem 49. 


Detemiine the cutoff frequency of the lowpass filter descríbed by 
4 

H(^)=- 

2 + jcoìO 

Find the gain in dB and phase of H( ) at co =2 rad/s. 


Chapter 14, Solution 49. 


Hence, 


4 

Atdc, H(0) = - = 2. 

J. _ 4 

V2 ” ^4 + lOOco^' 


4 + 100cof=8 -> co^ = 0.2 


2 + j20 1 + jlO 


H(2)| 


2 

vîôr 


0.199 


In dB, 20 logj„ I H(2) I = -14.023 
arg H(2) = -tan'' 10 = -84.3° 
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Chapter 14, Problem 50. 


Detemiine what type of fìlter is in Fig. 14.87. Caleulate the comer fì'equency/^.. 


200 £2 



Figure 14.87 

ForProb. 14.50. 


Chapter 14, Solution 50. 


H(cû) 


V; 


jcoL 

R + jcoL 


H(0) = 0 and H( oo) = 1 showing that this circuit is a highpass fílter . 


H(coJ = 




or 


R 

= L = 


R 

(o^L 


1 R 1 200 

f =— — = — -=318.3Hz 

" 271 L 271 0.1 - 
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Chapter 14, Problem 51. 

Design an RL lowpass filter that uses a 40-mH coil and has a cutoff fiequency of 5 kHz. 


Chapter 14, Solutìon 51. 

The lowpass RL filter is shown below. 

L 



Vg R + jcoL 1 + jcûL/R 


©(,= — = 2iifc -> R = 27if(,L = 271x5x1 x40xl 0“^ = 1.256^0 

L 

Chapter 14, Problem 52. 

In a highpass RL filter with a cutoff fiequency of 100 kHz, L = 40 mH. Find R. 


Chapter 14, Solutìon 52. 

R 

00= — = 27lf 

L 

R = 27if L = (27i)(1 0" )(40 x 10'^) = 25.13 kn 
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Chapter 14, Problem 53. 

Design a seríes RLC type bandpass fìlter with cutoff fìequencies of 10 kHz and 11 kHz. 
Assuming C = 80 pF, find R, L, and Q. 

Chapter 14, Solutìon 53. 

- 20;ixl0^ 

CO 2 = 271^2 = 22;i X lO^ 


B = CO2 = 2;i X lO^ 
co.+co, 

cOq =---= 21^x10 

0 2 


COn 


21;i 


Q = -^ = —= 1 M 

B In 


co, 


1 

Vlc 


L = 


1 


1 

L =-= 2.872 H 

(21jix10')"(80x10-‘") - 


R 

B = — -> R = BL 

L 

R = (2ji X 10')(2.872) = 18.045 fcíí 


Chapter 14, Problem 54. 

Design a passive bandstop fìlter with co^ = 10 rad/s and Q = 20. 


Chapter 14, Solution 54. 

This is an open-ended problem with several possible solutions. We may choose the 
bandstop fìlter in Fig. 14.38. 


1 


= 


í2 = 


VZc 

(o„L 


= 10 


R 


10^ = 20 


LC = 0.01 


+ L = 27? 


Ifweselect L=1H, then R=0.5 Q, and C = 0.01/L = 10 mF. 
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Chapter 14, Problem 55. 


Detemiine the range of fiequeneies that will be passed by a series RLC bandpass filter 
with R= ÌOfl ,L = 25niH, and C = 0.4 fj, F. Find the quality factor. 


Chapter 14, Solution 55. 


1 


1 


00 ,, = 


“ VlC V(25x10-')(0.4x10-'') 
10 


= 10 krad/s 


R 

® “ L ” 25x10-^ 


= 0.4 ki'ad/s 


10 

Q = —= 25 
0.4 — 


cOi = a)„ -B/2 = 10-0.2 = 9.8 ki-ad/s or 

CO 2 = co,^+B/2 = 10+0.2 = 10.2 ki'ad/s or 


fi = 


9.8 

— = 1.56 kHz 
2it 


10.2 

^— = 1.62 kHz 
2n 


Therefore, 


1.56 kHz < f < 1.62 kHz 
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Chapter 14, Problem 56. 


(a) Show that for a bandpass filter, 

H(i') = ^^—r ’ 

s + sB + 

where B = bandwidth of the filter and co^ is the center fiequency. 

(b) Similarly, show that for a bandstop filter, 

XI/ ^ +CO^ 

H(i') = ^^-T ’ 

s + sB + ù},. 


Chapter 14, Solutìon 56. 

(a) FromEq 14.54, 


H(s) = 


R + SL + -L 1 + sRC + s^LC 

sC L LC 


R , 1 

Since B = — and co,, = , - 

L VLC 


H(s)=- 


S +SB + COn 


FromEq. 14.56, 


H(s) = - 


R + sL + 




H(s) = ^ 


s^ +«)ii 


s +sB + (o: 
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Chapter 14, Problem 57. 


DeteiTTLÌne the eenter fiequency and bandwidth of the bandpass filters in Fig. 14.88. 




Figure 14.88 

ForProb. 14.57. 
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Chapter 14, Solution 57. 

(a) Consider the circuit below. 


I R jj 1/sC 



Z(s) = R + 
Z(s) = 


1 + sRC 
sC(2 + sRC) 
l + 3sRC + s'R"C" 


sC(2 + sRC) 



1/sC V. 

‘ 2/sC + R Z(2 + sRC) 


RV, sC(2 + sRC) 

2 + sRC’l + 3sRC + s'R"C" 



sRC 

l + 3sRC + s^R"C" 


H(s) = 


RC‘ 


1 


s^ +—:s + 


Thus, cOq = 


RC“ R^C" J 
1 


R^C^ 


or 


( 0 ,, =-= 1 rad / s 

“ RC - 


B = —— = 3 rad / s 
RC - 
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(b) Similarly, 


Z(s) = sL + R||(R + sL) = sL + 


R(R + sL) 
2R + sL 


Z(s) = 


R^+3sRL + s^L" 
2R + sL 


V, R RV, 

— I =-1 =-- 

Z’ ' 2R + sL Z(2R + sL) 


sLRV, 2R + sL 
2R + sL’r"+3sRL + s''L" 


1Í3R 


H(s) = ^ = 


sRL 


3V L 


V, R"+3sRL + s"L" 


, 3R R' 

s^ +—s + - 


L V 


R 

Thus, ®o = ^ = 1 / s 


3R 

B = — = 3 rad / s 
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Chapter 14, Problem 58. 


The circuit parameters for a series RLC bandstop filter are R = , L = O.ì H, C = 40 

pF. Calculate: 


(a) the center fi'equency 

(b) the half-power fiequencies 

(c) the quality factor 

Chapter 14, Solutìon 58. 


(a) 

(b) 


co,, 


VlC V(0-1)(40x10-‘") 


R 2x10^ 

B = - = —= 2x10- 


B 


2x10^ 


= 0.5xl0‘ rad/s 


As a high Q circuit, 

B 

0 ), =co„-Y = 10‘' (50-1) = 490 krad/s 
B 

0 ) 2 -OÌQ+ — - 10“' (50 + 1) = 510 krad/s 
(c) As seen in part (b), Q = 25 
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Chapter 14, Problem 59. 


Find the bandwidth and center fiequency of the bandstop filter of Fig. 14.89. 

6D 



Figure 14.89 

ForProb. 14.59. 


Chapter 14, Solution 59. 

Consider the circuit below. 

R« 



Z(s) = R|| 



R(sL + l/sC) 
R + sL +1/ sC 


R(l + s^LC) 
l + sRC + s"LC 
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y^__Z_ R(l + s^LC) _ 

Vi " Z + R„ “ R„ +sRR„C + s'LCR„ + R + s"LCR 


R. +Z = R.. + 


R(l + s"LC) 

1 + sRC + s^LC 


R„ + sRR„C + s'^LCR^ + R + s'LCR 
1 + sRC + s^LC 


S = j(0 

Ry + jíoRRjjC “ (o^LCRy + R — oo^LCR 
” l-co"LC + jíoRC 

(R„ + R - (o^LCR^ - (o^LCR + j(oRR„C)(l - (o^LC - jcoRC) 
" (l-(o'LC)" + ((oRC)' 

Im(Z|„) = 0 implies that 

-(oRC[R„ + R -(o‘LCR„ -(o'LCR] + (oRR„C(1 -(o*LC) = 0 
R„ + R - (o'LCR„ - (o^LCR - R„ + (o'LCR„ = 0 


(o^LCR = R 


1 


co„ = 


VlC V(lxlt*-')(4xl0-«) 

R(l-(o"LC) 


15.811 krad/s 


H = 


Ry + j(oRRyC + R — (o^LCRy — (o^LCR 
R 


H„..=H(0) = 


R.. +R 


R| -^-LC 

CO 


oi' H,„„, H(co) hm^ .RR.C 


R 


co 


+j^^—LC(R + RJ 
co 


R + R., 
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mzx 


At coj and cOj, 


I 1 

H =^H 

' V 2 


R _ R(l-co"LC) _ 

•\/2(Rj,+R) Rj, + R — co^LC(R^, + R) + jcoRR^jC 

J_ (R„+R)(l-co"LC) _ 

V2 “ 7(coRR„C)^ + (R„ + R-co^LC(R„ + R))^ 

J_ 10(l-co^ -4x10-^ _ 

V2~ 7(96x10-''co)" + (10-co" -^xlO-J" 

10(l-co" •4xlO-J 1 

~ V(96xl0-''co)" +(10-co'-4xl0-J' V 2 


(lO-co' • 4x10' J(V2)-7(96xl0-‘'co)"+(10 -co" -^xlO-J" =0 
(2)(10-co' -^xlO-J' =(96xl0-''co)' +(10-co' -^xlO-J' 


(96xl0''co)'-(10-co"-4xl0-J' =0 


1.6 xlO-'=co‘' -8.092 X10-’co" +100 = 0 
co'*-5.058x10"+6.25x10*'' =0 


[2.9109x10" 

12.1471x10" 


Hence, 

co^ = 14.653 kiad/s 
(£>2 - 17.061 ki‘ad/s 

B = CO 2 -cOi = 17.061-14.653 = 2.408 krad/s 
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Chapter 14, Problem 60. 


Obtain the transfer function of a highpass filter with a passband gain of 10 and a eutoff 
frequency of 50 rad/s. 


Chapter 14, Solution 60. 

jcoRC 


H'(a>) = 


J® 


1 + j coRC j co + l/RC 


(from Eq. 14.52) 


This has a unity passband gain, i.e. H(co) = 1. 
1 

= co = 50 
RC 

H^(co) = 10H'(co): 


jlOto 
50 +jco 


H(co) = 


JlOto 
50 +jco 
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Chapter 14, Problem 61. 

Find the transfer fnnetion for each of the aetive filters in Fig. 14.90. 



o 

+ 




-o 

+ 




-o 


(b) 


Figure 14.90 

ForProbs. 14.61 and 14.62. 


Chapter 14, Solutìon 61. 

l/j®C 


(a) 


R + l/jcoC 


Since = V_, 
1 


1 + jcoRC 


:V = V, 


TTC ^ 1 

V; 1 + jcoRC 


(b) 


V, = 


R 


R + l/jcoC 


V =v. 


Since V^ = V_, 
jcoRC 

—-V =v 

1 + jcoRC ‘ 


V; _l 
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Chapter 14, Problem 62. 


The filter in Fig. 14.90(b) has a 3-dB cutoff fiequency at 1 kHz. If its input is connected 
to a 120-mV varíable fi'equency signal, find the output voltage at: 

(a) 200 Hz (b) 2 kHz (c) 10 kHz 

Chapter 14, Solutìon 62. 

This is a highpass filter. 


1 + jcoRC 1-j/coRC 
1 

j^-T’ ^ 

l-jcojco 

1 1 


®c=:^ = 2îx(1000) 


1-jfJf 1-jlOOO/f 


(a) H(f = 200 Hz) = 


120 mV 


(b) H(f = 2 kHz) = 


l-jO.5 


(c) H(f = 10kHz) = 


1-jO.l 
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Chapter 14, Problem 63. 


Design an active first-order highpass filter with 

H(i') =-—, s=](o 

i' + lO 


Use a 1-//F eapacitor. 


Chapter 14, Solution 63. 

For an active highpass filter, 


H(s) = - 


sCjRf 
1 + sCjRj 


But 


H(s) 


lOs 

1 + s/lO 


Comparing (1) and (2) leads to: 


CiRf =10 


+ Rf = — = 10MÍ2 

c, - 


CiRj =0.1 


+ Ri = —= 100kD 

c, - 


( 1 ) 

( 2 ) 
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Chapter 14, Problem 64. 


Obtain the tiansfer function of the aetive filter in Fig. 14.91 on the next page. What kind 
of filter is it? 





Figure 14.91 
ForProb. 14.64. 


Chapter 14, Solutìon 64. 


~ II • 


1 


Rf 


Z, =R,+- 


jcoC^ l + jcoRf^Cf^ 
1 1 + jcoR|Cj 


Hence, 


H((o) = 


‘ jCOC; jCOC; 

V„ -Z, -j(0R,Ci 


V; Z, (l + jcoR,C,)(l + j(oR,Ci) 


This is a bandpass fílter . H(co) is similar to the produet of the tiansfer function 
of a lowpass filter and a highpass filter. 
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Chapter 14, Problem 65. 


A highpass filter is shown in Fig. 14.92. Show that the tiansfer function is 
jcúRC 


R ^ 

H(íy)= I 1 + —^ 


R 


i y 


1 + jojRC 



Figure 14.92 

ForProb. 14.65. 


Chapter 14, Solutìon 65. 


V 


R 


jcoRC 

-V- = -V- 


R +1/jcoC ' 1 + jcoRC 


v_ =■ 


R. 


R ; + Rf 


Since V, = V_, 

R: 


jcoRC 

V = — -V 

Rj+R, " 1 + jcoRC ' 


H((0): 


1 + 


R, 


jooRC 


V Al + jcoRCy 


Rf 1 

It is evident that as co ^ qo , the gain is 1 +- and that the comer fiequency is —— 

Rj RC 
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Chapter 14, Problem 66. 


A “general” first-order filter is shown in Fig. 14.93. 

(a) Show that the transfer fianction is 

^ s + (ì/R,C)[RJR,-RJR,] 

s=jco 

(b) What condition must be satisfied for the circuit to operate as a highpass filter? 

(c) What condition must be satisfied for the circuit to operate as a lowpass filter? 


/?2 



Figure 14.93 

ForProb. 14.66. 


Chapter 14, Solution 66. 
(a) Proof 


s 

s + l/R^C 


(b) When R.R^ 


H(s) = 


R. 


R3 + R4 


H(s) = 


(c) When R 3 ^ 00 , 

-i/RiC 

s + l/RjC 
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Chapter 14, Problem 67. 

Design an active lowpass filter with dc gain of 0.25 and a comer fiequency of 500 Hz. 

Chapter 14, Solutìon 67. 

R. 1 

DCgain = —= - -> R 

Ki 4 

1 

Comer fiequency = co^ = —— = 2n (500) rad / s 

RfCf 

If we select R^ = 20 kQ, then R^ = 80 and 
^ " (2jt)(500)(20x lO^) = 

Therefore, if R^- = 20 kn, then R; = 80 kn and C = 15.915 nF 


Chapter 14, Problem 68. 

e0d 

Design an active highpass filter with a high-fiequency gain of 5 and a comer fiequency 
of200 Hz. 

Chapter 14, Solutìon 68. 

Rf 

High fiequency gain = 5 = -> Rf = ^Rj 

R| 

1 

Comer fiequency = co^ = = 27i (200) rad / s 

RiC; 

If we select R^ = 20 kí2, then Rf =100 k£ì and 
^ " (27i)(200)(20x10") " 

Therefore, if R^ =20 kí2 , then Rf = 100 kfì and C = 39.8 nF 
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Chapter 14, Problem 69. 

Design the fìlter in Fig. 14.94 to meet the following requirements: 

(a) It must attenuate a signal at 2 kHz by 3 dB compared with its value at 10 MHz. 

(b) It must provide a steady-state output of v ^ (t) = 10 sin(2 n x 10 ^ t + 180 '^) V for an 
input V ^ (t) = 4sin(2 n x 10 ^ t) V. 



Figure 14.94 

ForProb. 14.69. 


Chapter 14, Solution 69. 


This is a highpass fìlter with f^ = 2 kHz. 

]_ 

RC 

1 1 


(O^ = 2Tlf,. = 

RC = 


2 ;if. 4;ixl0^ 


lO^ Hz may be regarded as high frequency. Hence the high-fìequency gain is 


-Rf -10 

R “ 4 


or 


R, = 2.5R 


If we let R = 10 kí2 , then R^ = 25 kQ , and C = 


1 


400071x10^ 


= 7.96 nF. 
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Chapter 14, Problem 70. 

* A second-order active filter known as a Buttei'^voith íilter is shown in Fig. 14.95. 


(a) Find the transfer function V ^ .. 

(b) Show that it is a lowpass íilter. 


o — vwv —— ww 




-o 

+ 


V 


o 


Figure 14.95 

ForProb. 14.70. 


* an asterísk indieates a challenging problem. 


Chapter 14, Solutìon 70. 

V„(s) 


(a) H(s): 


Y Y 


Vi(s) Y,Y,+Y,(Yi+Y,+Y3) 


where Y, = :^ = Gi, Yj = A = Yj = sCi, Y^ = sC^ 


R. 


R, 


H(S): 


G jG 2 


GIG 2 sC 2 (G j + G 2 + sC j) 


G G 

(b) H(0) = -^ = 1, H(«)) = 0 

GjG^ 

showing that this circuit is a lowpass fílter . 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reseived. No p art 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual course prepaiation. If you are a student using this Manuaf 

vou are using it without permission. 























Chapter 14, Problem 71. 


Use magnitude and frequeney sealing on the eireuit of Fig. 14.76 to obtain an equivalent 
circuit in which the inductor and capacitor have magnitude 1 H and 1 F respectively. 


Chapter 14, Solution 71. 

R = 50Q, L = 40mH, C = lpF 


L' = ^L -l = ^-(40xl0-") 


25K,=K„ 
C 


C' = 


K„K, 




1 = 


10-' 


K„,K, 


lO'^f = 


K„ 


Substituting (1) into (2), 

, 1 

10'^K, =- 

^ 25Kf 

Kf = 0.2 XIQ-^ 


K„, =25Kf = 5x10" 


( 1 ) 


( 2 ) 
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Chapter 14, Problem 72. 


What values of and K ^ will scale a 4-mH inductor and a 20- // F capaeitor to 1 H and 
2 F respectively? 

Chapter 14, Solutìon 72. 


L'C' 


LC 

K? 


K? 


LC 

L'C' 


K 


2 

f 


(4x10-^X20x10'^) 

(1)(2) 


= 4x10-’' 


Kf =2x10“' 


C 



-> 


K 


C'L 


K 


2 

m 


(1) (20xl0-'^) 

(2) (4xl0-') 


2.5x10-' 


Kn, = 5xl0-^ 


Chapter 14, Problem 73. 

Calculate the values of R, L, and C that will result in /î = 12kQ, L = 40 // H and C = 300 
nF respeetively when magnitude-scaled by 800 and ffequency-sealed by 1000. 

Chapter 14, Solution 73. 


R' = K, R = (12)(800 X lO') = 9.6 MQ 


K,„ 800 

]^r _ _ — _//in w 1 A-6 


Kf 1000 


(40x10-^)= 32pF 


C' = 


300x10' 


K,^Kf (800)(1000) 


= 0.375 pF 
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Chapter 14, Problem 74. 


A circuit has 7^^ =3 ^ , 7?^ = lOQ, L = 2H and C = 1/lOF. After the circuit is 

magnitude-scaled by 100 and frequency-scaled by lO^, fmd the new values of the circuit 
elements. 

Chapter 14, Solutìon 74. 


R’l = KjnRi = 3x100 = 300Q 


R’2 = KmR2 = 10x100 = lkfì 


L'= = ^(2) = 200 |iH 

Kf lo"'' -^ 


C'=—-— = -!^ = lnF 
KmKf lO^ — 


Chapter 14, Problem 75. 


In an RLC circuit, 7? = 20Q,L = 4H and C = 1 F. The circuit is magnitude-scaled by 10 
and ft'equency-scaled by Ì0 \ Calculate the new values of the elements. 


Chapter 14, Solutîon 75. 

R' = K^R = 20x10 = 200 fì 

L'= ^ L = 2^ (4) = 400 |iH 
Kf lO^ - 


C'= 


C 

KmKf 


1 

lOxlO^ 


= 1HF 
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Chapter 14, Problem 76. 


Given a parallel RLC circuit with 7? = 5kQ,L = 10 mH, and C = 20 // F, if the circuit is 
magnitude-scaled by = 500 and fiequency-scaled by = 10 ^, find the resulting 
values of R, L, and C. 


Chapter 14, Solution 76. 


R ' = k,^R = 500.ï5xl0' = 25 Mfì 


L' = ^L = ^(10m//) = 50 iM 

10 " —— 


C' = 


C 


20,d0 

500.d0' 


= 0.4 pF 
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Chapter 14, Problem 77. 


A seríes RLC cireuit has R = lOCï, co = 40 rad/s, and B = 5 rad/s. Find L and C when 
the circuit is scaled: 

(a) in magnitude by a faetor of 600, 

(b) in frequeney by a factor of 1,000, 

(e) in magnitude by a factor of 400 and in fr'equency by a factor of 10 ^. 


Chapter 14, Solution 77. 

L and C are needed before scaling. 


(a) 


(b) 


(t^) 


R R 10 

B = — > L = —= y = 2H 


( 0 , 


^ C = 


“ VlC ' “ cOo^L (1600)(2) 


L' = K„,L = (600)(2) = 1200 H 
C 3.125 xlO" 


^ Kf 10' ÌJÎÎÎÌ 


C 3.125x10'' 


,, K (400)(2) 

L' =-L =- 2 — = 8 mH 

K, 10' - 


C' = 


3.125x10'* 

^=7.81pF 


K,„Kf (400)(10') 


312.5 pF 
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Chapter 14, Problem 78. 


Redesign the circuit in Fig. 14.85 so that all resistive elements are scaled by a factor of 
1,000 and all fì'equency-sensitive elements are fi'equency-scaled by a factor of 10"^. 


Chapter 14, Solutìon 78. 

R^ = K,^^R = (1000)(l) = lkD 
10 ' 

The new circuit is shown below. 


1 kn 
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Chapter 14, Problem 79. 


* Refer to the network in Fig. 14.96. 

(a) FindZ.,, (4 

(b) Scale the elements by 10 and K^ = 100. Find (s) and ù) 


40 . 



Figure 14.96 

ForProb. 14.79. 


* An asterìslc indicates a challenging problem. 
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Chapter 14, Solution 79. 

(a) Insert a 1-V source at the input teiTninals. 


I„ 


R 

-vvv- 


Vi 


Ro 

-AAAr 


IV 




Vi 


1/sC 

ne- 


3V„ 


sL 


Combining (2) and (3) 


V, 


^V-3V„ 

s"LC 


sL -I- 1/sC 


sL 




l-h4s'LC 
Substituting (3) and (4) into (1) gives 


i-v _ 

R 

1 = V,+ 


sC 


sL l-t4s'LC 
sRC 

—^—V 

1-h4s"LC ‘ 
l-t4s'LC 


V 

l-t4s"LC-i-sRC, 

l-h4s"LC 


I.. = 


V = ■ 

‘ l-t4s"LC-HsRC 
1-V sRC 


R 


R(l-t4s"LC-rsRC) 
1 1-hsRC-h4s"LC 


I, 


sC 


Z‘"-4sL-^R + ,C 


V„ 


There 

is a supemode. 

i-V V, 


(1) 


R sL -f l/sC 


But 

V=V,+3V„ — 

-A V,=V,-3V, 

(2) 

Also, 

sL 

'17 -17 

V V 

) « ^2 

(3) 

“ sL + l/sC " 

sL sL-fl/sC 


(4) 


(5) 
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When R = 5, L=2, C = 0.1, 

10 

^iii (s) - 8s + 5 + 


At resonance. 


Ini(ZJ = 0 = 4a)L- — 


2VlC 27(0. 1)(2) 


= 1.118 rad/s 


After scaling, 

R' - 


10 

L^ = —L =-(2) = 0.2H 

K, 100^ ^ 


C 0.1 

=-=-= 10-^ 

K„,K, (10)(100) 


From (5), 


^iii (^) “ 0»8s + 50 + ■ 


con = —-^= = — , =- 111.8 rad/s 

2VLC 2V(0.2)(10-') - 
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Chapter 14, Problem 80. 


(a) For the circuit in Fig. 14.97, draw thc ncw circuit aftcr it has bccn scalcd hy = 
200andZ^ = lO". 

(b) Obtain thc Thcvcnin cquivalcnt impcdancc at tciTninals a-b of thc scalcd circuit at co 
= 10"^ rad/s. 


1 H 



Figure 14.97 

ForProb. 14.80. 


Chapter 14, Solution 80. 


(a) = (200)(2) = 400 Q 


(200)(1) 

L' = — = —tt:;— = 20 mH 


C' = 


C 


10 " 


0.5 


= 0.25 |iF 


K,„Kf (200)(10") 

The new circuit is shown below. 


20 mH 
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(b) Inseii: a 1-A source at the tenninals a-b. 
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Chapter 14, Problem 81. 


The circuit shown in Fig. 14.98 has the impedance 


Z(s) = 


(s + ì + j50)(s + ì-j50) 


S=JÚ) 


Find: 


(a) the values of R, L, C, and G 

(b) the element values that will raise the resonant fiequency by a factor of 10 ^ by 
frequency scaling 


1(S) 



G 


Figure 14.98 

ForProb. 14.81. 
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Chapter 14, Solutìon 81. 


(a) 


— — G + jíoC H- 

Z R + j(oL 


(G + j(jL)C)(R + jcoL) +1 
R + jcoL 


whichleadsto Z = 


j coL + R 


■ co LC + jco(RC + LG) + GR +1 


Z(co) = 


. co R 

J—I- 

C LC 


2 . f R G 

-co + ico —+ — 
L Cy 


GR + 1 
+ - 


LC 


We compare this with the given impedance: 

1000(j(o + l) 


Z(co) = 

— co^ + 2jco +1 + 2500 
Comparing (1) and (2) shows that 


- = 1000 

c 


-+ C = lmF, R/L = l 


( 1 ) 


( 2 ) 


R=L 


R G ^ 
—+ —= 2 
L C 


-+ G = C = 1 mS 


2501 = 


GR + 1 10“^R + 1 


LC 


10"^ R 


-+ R = 0.4 = L 


Thus, 


R = Míl, L = 0.4 H, C = 1 mF . G = 1 mS 


(b) By fiequeney-sealing, Kf=1000. 


R’ = 0.4 fì . G’ = 1 mS 



-^ = 0.4mH , 
lO^ 
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Chapter 14, Problem 82. 


Scale the lowpass active filter in Fig. 14.99 so that its comer fiequency increases fiom 1 
rad/s to 200 rad/s. Use a 1-// F capacitor. 


2 0 



Figure 14.99 

ForProb. 14.82. 


Chapter 14, Solutìon 82. 

C 


C^ = 






co; 200 
co 1 


200 


C 1 

K„ = —■ —: 


C’ K, lO'" 200 


5000 


R' = K R=5 kfì. 


thus, Rf=2R-=10kn 
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Chapter 14, Problem 83. 


The op amp circuit in Fig. 14.100 is to be magnitude-scaled by 100 and frequency-scaled 
by 10 ^. Find the resulting element values. 


1 fi¥ 



Figure 14.100 

ForProb. 14.83. 


Chapter 14, Solution 83. 


1 10 

IpF -> C=-C =-- = 0.1pF 

KmKf lOOxlO^ - 


5|aF -> C’=0.5pF 


10kn -> R'= 

20kQ -> R'= 


K^R = 100xl0kí2 = IMQ 
2MQ 
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Chapter 14, Problem 84. 


ps 


Using PSpice^ obtain the fi'equency response of the circuit in Fig. 14.101 on the next 
page. 


1 /xF 



Figure 14.101 

ForProb. 14.84. 


Chapter 14, Solutìon 84. 

The sehematie is shown below. A voltage marker is inseiled to measure Vq. In 
the AC sweep box, we select Total Points = 50, Stait Frequency = 1, and End 
Frequency = 1000. After saving and simulation, we obtain the magnitude and 
phase plots in the probe menu as shown below. 


P 


R 


.^2 
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20OnU- 


0U+- 

1 .OHz 

o V(R2:1) 


-1 

1.0KHz 


3.0Hz 


30Hz 

Frequency 


100Hz 


3 00Hz 



□ U(R2:1) ^ UPCR2:1) 

Frequgncy 
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Chapter 14, Problem 85. 


Use PSpice to obtain the magnitude and phase plots of Vy/I^ of the eircuit in Fig. 
14.102. 


10 nF 



Figure 14.102 

ForProb. 14.85. 


Chapter 14, Solution 85. 


We let Ig = IZO^ A so that /Ig = V^. The schematic is shown below. The circuit 
is simulated for 100 < f < 10 kHz. 
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Chapter 14, Problem 86. 


Use PSpice to provide the frequency response (magnitude and phase of /) of the circuit in 
Fig. 14.103. Use linear frequency sweep from 1 to 10,000 Hz. 


1 kD 1 kn 1 kO 



Figure 14.103 

ForProb. 14.86. 


Chapter 14, Solution 86. 

The schematic is shown below. A cunent marker is inseited to measure I. We set 
TotalPoints = 101, stail Frequency = 1, and End Frequency = lOhHzinthe 
AC sweep box. After simulation, the magnitude and phase plots are obtained in 
the Probe menu as shown below. 
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1 oamfì T 



8 Qmfì H-1-1-1-1- 1 

1.0Hz lOHz 1Q0HZ 1.QKHz lOHHz 1Q0KHz 


□ I(L1) 


Frequency 


2Q0- 



I.OHz 10Hz 100Hz I.OHHz 10KHz 100KHz 

n IfLI) « IP(L1) 


Frequency 
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Chapter 14, Problem 87. 


In the intei'val 0.1 </< 100 Hz, plot the response of the network in Fig. 14.104. Classify 
this fîlter and obtain co .. 


I F 


1 F 


I F 



Figure 14.104 

ForProb. 14.87. 
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Chapter 14, Solutìon 87. 


The schematic is shown below. In the AC Sweep box, we set Total Points = 50, 
Stail Frequeney = 1, and End Frequeney = 100. After simulation, we obtain the 
magnitude response as shown below. It is evident fi'om the response that the 
circuit represents a high-pass filter. 




D U(R3:1) 


Frequenc^f 
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Chapter 14, Problem 88. 


Use PSpice to generate the magnitude and phase Bode plots of in the circuit of Fig. 
14.105. 


1 u 


1/0° V 




2F 


1 H 





Figure 14.105 

ForProb. 14.88. 


Chapter 14, Solutìon 88. 

The schematic is shoAvn below. We inseit a voltage marker to measure Vo. In the 
AC Sweep box, we set Total Points = 101, Stait Frequency = l,andEnd 
Frequency = 100. After simulation, we obtain the magnitude and phase plots of 
Vo as shown below. 
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IBnUT 



I.OHz S.OHz lOHz 3eHz 100Hz 300Hz 1.OKHz 

□ U(R2:1) 

Frequenc^ 
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Chapter 14, Problem 89. 


Obtain the magnitude plot of the response in the network of Fig. 14.106 for the 
frequency intei'val 100 </< 1,000 Hz.. 


50 n 

r—AAAA^ 





Figure 14.106 

ForProb. 14.89. 
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Chapter 14, Solutìon 89. 


The schematic is shown below. In the AC Sweep box, we type Total Points = 
101, Stait Frequency = 100, and End Frequency = 1 k. After simulation, the 
magnitude plot of the response Vo is obtained as shown below. 


R1 



ó.au- 



Ft'equency 
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Chapter 14, Problem 90. 

Obtain the fìequency response of the cireuit in Fig. 14.40 (see Praetiee Problem 14.10). 
Take 7?, = ^2 = lOOO, L =1 mH. Use 1 </< 100,000 Hz. 

Chapter 14, Solutìon 90. 

The schematic is shown below. In the AC Sweep box, we set 
TotalPoints = 1001, Stail Frequeney = 1, and End Frequency = 100k. After 
simulation, we obtain the magnitude plot of the response as shown below. The 
response shows that the circuit is a high-pass filter. 






a U(R2:1) 

_ Frequenc^) 
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Chapter 14, Problem 91. 

For the “tank” circuit of Fig. 14.79, obtain the fi'cquency response (voltage across the 
capacitor) using PSpice. Detemiine the resonant fiequency of the cireuit. 

Chapter 14, Solution 91. 

The schematic is shown below. In the AC Sweep box, we seleet Total Points = 101, 
Stail Frequeney = 10, and End Frequeney = 10 k. After simulation, the magnitude plot 
of the fiequency response is obtained. From the plot, we obtain the resonant fiequency fo 
is approximately equal to 800 Hz so that 
coo = ^Tifo = 5026 rad/s . 




n U(C1:1) 

Frequenc^ 
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Chapter 14, Problem 92. 


Using PSpice, plot the magnitude of the fiequency response of the circuit in Fig. 14.85. 

Chapter 14, Solution 92. 

The schematic is shown below. We type Total Points = 101, Stail Frequency = 
1, and End Frequency = 100 in the AC Sweep box. After simulating the circuit, 
the magnitude plot of the fiequency response is shown below. 




□ U(R2:2) 
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Chapter 14, Problem 93. 

For the phase shifter circuit shown in Fig. 14.107, find H = v„/v,, 



Figure 14.107 
ForProb. 14.93. 

Chapter 14, Solution 93. 

Consider the eireuit as shown below. 



F 


F,=—F, 
R + sC l + sRC 


Hence, 


V^=v,-v, = ^-^v, 

l + sRC 



l-sRC 
l + sRC 
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Chapter 14, Problem 94. 

For an emergency situation, an engineer needs to make an highpass filter. He has one 
10-pF capacitor, one 30-pF capacitor, one l.S-kQ resistor, and one 3.3-kfl resistor 
available. Find the greatest cutoff fiequency possible using these elements. 


Chapter 14, Solutìon 94. 


COc 


1 

RC 


We make R and C as small as possible. To achieve this, we connect 1.8 kQ and 3.3 kQ 
in parallel so that 


R = 


1.8x3.3 
1.8 + 3.3 


1.164 kn 


We place the 10-pF and 30-pF capacitors in series so that 


C = (10x30)740 = 7.5 pF 


Hence, 

CDc - — =--— = 114,55x10^ rad/s 

RC 1.164x10^x7.5x10“^^ 
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Chapter 14, Problem 95. 

A seríes-tuned antenna circuit consists of a varíable capacitor (40 pF to 360 pF) and a 
240- ji H antenna coil that has a dc resistance of 12Q. 

(a) Find the frequency range of radio signals to which the radio is tunable. 

(b) Detemiine the value of Q at each end of the fìequency range. 


Chapter 14, Solution 95. 

1 


(a) 


f„ = 


2nVLC 


When C = 360 pF, 
f 


2iiV(240xl0-'')(360xl0-'") 


0.541MHz 


When C = 40 pF 
f 


2nV(240xl0-'')(40xl0-'") 

Therefore, the frequeney range is 

0.541 MHz < f,. < 1.624 MHz 


1.624 MHz 


(b) Q = 


2îifL 


R 


At f„ = 0.541MHz, 


(2ii)(0.541xl0'')(240xl0'') 

Q = ^ --= 67.98 


At fo =1.624 MHz, 


(2n)(1.624xl0'')(240xl0-'') 

Q = - - - - = 204.1 

12 - 
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Chapter 14, Problem 96. 

The crossover drcuit in Fig. 14.108 is a lowpass filter that is connected to a woofer. Find 
the transfer function ,{^) 



Tw6eter 

Woofer 


Figure 14.108 

ForProb. 14.96. 


Chapter 14, Solution 96. 



Z2 Zi 
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Zi - Rl 


sC^ l+sRjCj 


z, =-||(sL + Z,) =- 

' sC/'^ sCj 


^ II í ^ 


I+sRlCj 


1 sL + R^+s R^C^L 


l + sRj^C^ 


1 sL + Rj^ + s^R^C^L 


1 + sRj^C^ 


sL + Rj^+s Rj^LC^ 


1 + sRj^C^ + s^LCj + sRj^Cj + s^Rj^LCjC^ 


Z,+R, 


V =—^—V =— - —•—^—V- 

Zj + sL ^ + R^ 


where 


Vj Z^ + R^ sh 


Z2+R2 


sL + Rj^+s Rj^LC^ 


sL + Rj^ +s^Rj^LC2 "I"R) "I"SR|Rj^C2 +s^RjLCj +sR|Rj^Cj +s^RjRj^LCjC2 


Zj + sL Rj^ + sL + s Rj^LC^ 


Therefore, 

y. 


Rl(sL + Rl +s^RlLC2) 


y (sL + Rl +s^RlLC 2 + Rj "I"SRìRl^ 2 +s^RjLCj +sRjRLC| 


+ s"RjRLLC,C2){RL +sL + s'RlLC2) 


where s = jco. 
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Chapter 14, Problem 97. 


The crossover circuit in Fig. 14.109 is a highpass filter that is connected to a tweeter. 
DeteiTnine the transfer function H{co) = y ^{co )A^. {co). 



T weeter 
Woofer 


Figure 14.109 

ForProb. 14.97. 
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Chapter 14, Problem 98. 

A ceitain electronic test circuit produced a resonant cui've with half-power points at 432 
Hz and 454 Hz. If 2 ^ 20, what is the resonant frequency of the circuit? 


Chapter 14, Solutìon 98. 

B = CO 2 - = 2ti (f 2 - f J = 2n (454 - 432) = 44;i 


co^ = 2nf, =QB = (20)(44;i) 


(20)(44;i) 

2n 


= (20)(22) = 440 Hz 


Chapter 14, Problem 99. 

In an elech'onic device, a series circuit is employed that has a resistance of lOOQ, a 
capacitive reactance of 5 kn, and an inductive reactance of 300Q when used at 2 MHz. 
Find the resonant fiequency and bandwidth of the circuit. 


Chapter 14, Solutìon 99. 

1 1 

c = 


íoC 2TifC 
1 


1 


10 ' 


2nfX^ (2 jt)(2x10'')(5x10') 20jt 


Xl = CûL = 2jif L 


L = 


300 


3x10' 


_ 

2nf (2 ti)(2 x 10*^) 4jt 

^ ^ _ 1 

“ ” 2jtVl^ 


2jt 


3x10“ 10' 


= 8.165 MHz 


4jt 20jt 


R 

B = - = (100) 


4jt 


3x10“, 


4.188x10*’ rad/s 
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Chapter 14, Problem 100. 


In a ceitain application, a simple RC lowpass filter is designed to reduce high frequency 
noise. If the desired comer frequency is 20 kHz and C = 0.5 // F fínd the value of R. 


Chapter 14, Solution 100. 


CO^.. = 27lf 


1 

RC 


1 

^ 2;if^ C 


1 

(27i)(20x10')(0.5x10-') 


15.91 Q 


Chapter 14, Problem 101. 


In an amplifíer circuit, a simple RC highpass fílter is needed to block the dc component 
while passing the time-vai'ying component. If the desired rolloff fíequency is 15 Hz and 
C = 10 // F fínd the value of R. 


Chapter 14, Solutîon 101. 


CO^ = ^Tlf^ = 


1 

RC 


27if,C (27i)(15)(10x10-') 


= 1.061 kn 
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Chapter 14, Problem 102. 


Practical RC filter design should allow for source and load resistances as shown in Fig. 
14.110. Let R = 4kCl and C = 40-nF. Obtain the cutoff fiequency when: 


(d)R^ = 0,R^ = oo, 


(h)R^ = ìkn,R^=5kn. 


R 


X 



o- 


c 



Rl 


Figure 14.110 

ForProb. 14.102. 


Chapter 14, Solutìon 102. 


(a) When R, = 0 and = oo, we have a low-pass filter. 


co^ = 2;if^ = 
1 

f =-= 

^ 27iRC 


1 

RC 

1 

■ (27i)(4x10')(40x10-') 


994.7 Hz 


(b) We obtain R^,^ across the capacitor. 

=RlI1(R + R.,) 

Rti, =5||(4 + l) = 2.5kQ 


2itRti,C (^n^^^.SxlO^^^^OxlO-’) 


f = 1.59 kHz 

c 
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Chapter 14, Problem 103. 


The RC circuit in Fig. 14.111 is used for a lead compensator in a system design. Obtain 
the transfer fiinction of the circuit. 


c 





D — 

— vvvv — 

- 1 - 0 


From 

+ 

1 + 

To 

photoresistor 

y 

^2$ \ 

amplifier 

output 

0 - 

-1— 0 

input 


Figure 14.111 

ForProb. 14.103. 


Chapter 14, Solutìon 103. 


H(ío) = ^ = 


R- 


H(s) = 


H(s) = 


Vi R2 -kRi ||l/jcoC’ 

R2 _ R2(Ri+1/sC) 


s = jco 


^ Rl(l/sC) RiR2+(Ri+R2)(1/sC) 
^ Rl-M/sC 

R2(1 + sCRi) 


Rj[ +R2 +sCR]R' 
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Chapter 14, Problem 104. 


A low-quality-factor, double-tuned bandpass fìlter is shown in Fig. 14.112. Use PSpice to 
generate the magnitude plot of ). 


40 Í1 


0.2 /iF 



Figure 14.112 

ForProb. 14.104. 
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Chapter 14, Solutìon 104. 

The schematic is shown below. We click Analysis/Setup/AC Sweep and enter 
TotalPoints = 1001, Stail Frequency = 100, and End Frequency = 100k. 
After simulation, we obtain the magnitude plot of the response as shown. 




□ U(R2:1) 

Frequency 
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Chapter 15, Problem 1. 


Find the Laplace transfoiTn of: 

(a) cosh at (b) sinh at 

[Hint: cosh ~ ^ ^? sinh x= ^ (éí'' - ).] 


Chapter 15, Solutìon 1. 

(a) cosh(at) = 


e^'+e-"' 


L[cosh(at)] = ^ 


1 1 
+ 

s-a s+a 


s^ -a^ 


(b) sinh(at) = 


L[sinh(at)] = ^ 


s - a s + a. 


-a^ 


Chapter 15, Problem 2. 

Determine the Laplace transform of: 
(a) cos (cot + 9) (b) sin( a>t + 9) 


Chapter 15, Solutìon 2. 

(a) f (t) = cos(cot) cos(0) - sin(cot) sin(0) 

F(s) = cos(0) L [ cos(cot) J - sin(0) L [ sin(cot) J 
scos(6)-ot)sin(0) 


(b) 


F(s) = 


S^ +CÛ^ 


f (t) = sin(cot) cos(0) + cos(cot) sin(0) 

F(s) = sin(0) L [ cos(cot) J + cos (0) L[ sin(&)t) ] 

ssin(0)-a)cos(0) 

F(s) =- 1 - 1 - 

& +(0 
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Chapter 15, Problem 3. 


Obtain the Laplace tiansfomi of each of the following functions: 

(a) cos3m(t) (b) sin4m(t) 

(c) e~^^ cos\\ltu{t) (d) e^"^^ s\r&\tii{t) 

(e) te~^ únltuif) 

Chapter 15, Solutìon 3. 

(a) L[ cos(3t)u(t) ] = +9 


(b) l-[e-'sin(4t)u(t)]=^^^^^^ 

(c) Since L [ cosh(at) ] = — -^ 

s — a 

l[ e-^' cosh(2t)u(t)] = 


(d) 


(e) 


Since L [ sinh(at) ] = - 
( 

L^e"*' sinh(t)u(t)] = 


(s + 4)' -1 


L e ‘ sin(2t) ] = 


(s + l)"+4 


If 


Thus, 


f(t) <-> F(s) 

tf(t) <-> ^F(s) 

ds 

L[te'‘ sin(2t)] = -^[2 ((s + 1)^ +4)'*] 

-■2(s + l) 


((s + l)^ + 4y 
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Chapter 15, Problem 4. 


Find the Laplace transfoiTns of the following: 

(a) §(/) = 6cos(4í-l) 

(b) fit) = ltu{t)+ - í) 


Chapter 15, Solutìon 4. 


(a) 


G(s) = 6— 

s^+4^ 


6se-^ 
s^ +16 


(b) 


2 

F(s) = - + 5 — 
s + 3 
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Chapter 15, Problem 5. 


Find the Laplace transform of each of the following functions: 
(a) C cos(2t+ 30°)w(t) (b) 3Cé^“^h/(t) 

(c) 2tu{t)-A—S{t) (d) 2e~^‘~'\i{t) 

dt 

(e) 5m(í/2) (í) 6e~’lhi{t) 

<.) 1)4) 


Chapter 15, Solution 5. 



s^ +4 

1-^ 

rscos(30°)-l 

J-ds^ 

s^+4 


AA 

ds ds 


'fì 

—s -1 


V 


(s’+4' 


ds 


4 (*■ + ■*)“-2* 


f{■2s) ^ 


4 


—s-1 
2 


2s 


—s-1 

+ 


V ^ 7 


(s^ + 4f 


—s-1 
2 


(s^+4) + (s^+4)^ (s^+'^)^ 

r r r (8s')í—s-1 
-V3s-V3s + 2-V3s 2 

(s^ + Af (s^ + 4)^ 

(- 3 V 3 s + 2)(s' + 4_) 4 V 3 s' - 8s' 


(s^+4t 

L[t"cos(2t + 30°)] = 


(s^+4t 

8-12V3s-6s'+V3s" 


(s^+4)^ 
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4! 


72 


(b) L 




= 3- 


(s + 2)^ (s + 2)^ 


r 


(c) L^2tu(t)-4-ô(t) 


= —-4(s-l-0)= ^-4s 


(d) 2e-“-'>u(t) = 2e-‘u(t) 

2e 
S + 1 


L[2e-"-'> u(t)] = 


(e) 

(t) 

(g) 


Using the scaling property, 


L[5u(t/2)] = 5- 
L[6e''''^u(t)] = 


1 1 1 

— ■-= 5-2- — 

1/2 s /(1/2) 2s 

6 18 
s + 1/3 ~ 3s + l 


5 

s 


Let f(t) = ô(t). Then, F(s) = 1. 


r d" 

r d" 





= s" F(s) - s"-' f(0) - s"-" f'(0) - • • ■ 
= s" -l-s"-' -O-s"-" -O---- 


= s 


11 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher, or used bevond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise preparation. If you are a student using this Manuah 
vou aie using it without permission. 



Chapter 15, Problem 6. 

Find F(s) given that 
0<t<l 
f{l) = <t, l<t<2 
0, otherwise 


Chapter 15, Solutìon 6. 

oc 1 2 

F(s)= \fit)e-'‘dt= \lte-'‘dt+\2e'‘dt 
0 0 1 


2 — {-st-\) 


1 

0 



2 

1 



s 


Chapter 15, Problem 7. 

Find the Laplace transform of the following signals: 

(a) /(í)=(2í + 4)m(í) 

(b) g{t)={^ + 2>e- )u{t) 

(c) /i(t)= (6sin(3t) +8 cos(3t))w(t) 

(d) x{t) = (e~^^ cosh(4t))w(t) 

Chapter 15, Solution 7. 

2 4 

(a) F{s) = - + - 


4 3 

(b) G(.0 = - + ^ 

5 5 + 2 


(c)H(s) = 6-^ + 8-^ 
s^+9 s^+9 


8s + 18 
s^ +9 


(d) FromProblcm 15.1, 

L{cosh at) = —2 

s —a 


5 + 2 


(5 + 2)^ 


s"+45-12 


, , 2 4 ,,,.4 3 ,,8s + 18 j, 

(a) —+ -,(b)- + r,(c)—; ,(d) 


s + 2 


s + 2 


s^ +9 


s^ + 4s-12 
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Chapter 15, Problem 8. 


Find the Laplace transform F(s), given that/(t) is: 

(a) 2tu[t-4) 

(b) 5cos(r)j(t-2) 

(c) e~hi{t-t) 

(d) sìn{2t)u{t - t) 


Chapter 15, Solution 8. 


(a) 2t=2(t-4) 8 

f(t) = 2tu(t-4) = 2(t-4)u(t-4) + 8u(t-4) 
Fis) = ~e-^^+~e-^''=í\ + - 

s s V 


(b) 7^(i') = j/(í)É;"'í/í = |5 cosííJ(í-2)é;“''í/í =5cosíé;"' 


t = 2 


= 5cos(2)é 


-2s 




(c) e = e 

f(t) = e~^ e~^^~^hi(t - t) 


F(s) = e ^e 


1 


-r(,t+l) 


5" + 1 ò’ + 1 


(d) sin 2t = sin[2(í - r) + 2r] = sin 2{t - r) cos 2t + cos 2{t - r) sin 2r 
/ (t) = cos 2r sin 2(î - t)u{t - r) + sin 2r cos 2(t - t)u{t - 1 ) 

F{s) = cos 2te-'' -f -— + sin 2te-'' — 

s +4 s +4 
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Chapter 15, Problem 9. 


Determine the Laplaee transforms of these funetions: 

(a) f{l)={l-4)u{t-2) 

(b) g{l)=2e"''u{l-ì) 

(c) h{t) = 5 cos(2r - l)rí(;) 

(d) p{t)= 6[h(í - 2 ) - m(í — 4 )] 


Chapter 15, Solution 9. 


(a) f (t) = (t - 4) u(t - 2) = (t - 2) u(t - 2) - 2 u(t - 2) 

2e-'* 


(b) 


g(t) = 2 e'^‘ u(t -1) = 2 e"'* u(t -1) 


G(s) = 


2e-^ 

^“(5 + 4 ) 


(c) h(t) = 5cos(2t-l)u(t) 


cos(A - B) = cos(A) cos(B) + sin(A) sm(B) 
cos(2t -1) = cos(2t) cos(l) + sin(2t)sin(l) 

h(t) = 5cos(l)cos(2t)u(t) + 5sin(l)sin(2t)u(t) 


H(s) = 5 cos(l) • + 5 sin(l) • 

2.702 s 8.415 

H(s) = ^—+ ^— 
s +4 s +4 


2 

s^ +4 


(d) p(t) = 6u(t-2)-6u(t-4) 



6 


e 


-4s 


S 
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Chapter 15, Problem 10. 


In two different ways, find the Laplace transform of 
§(?) = — ite ' cosí) 

dr ’ 


Chapter 15, Solutìon 10. 


(a) By taking the derivative in the time domain, 
g(t) = (-t e'‘ + e'‘) cos(t) -1 e‘‘ sin(t) 
g(t) = e'‘ cos(t) -1 e'‘ cos(t) -1 e‘‘ sin(t) 


G(s) = 
G(s) = 


s + 1 

(s + 1)^ +1 
s + 1 

s"+2s + 2 


s + 1 

d 

j_ 

1 

(s + 1)^+1 

ds 

(s + 1)^+1 


s^+2s 2s + 2 s^(s + 2) 

(s"+2s + 2)" "(s"+2s + 2)" " (s'‘+2s + 2)^ 


(b) By applying the time differentiation property, 
G(s) = sF(s) - f (0) 

where f (t) = t e ‘ cos(t), f (0) = 0 


G(s) = (s)- 


-d s + 1 
ds _(s + l)^ +1 


(s)(s"+2s) s^(s + 2) 
(s^+2s + 2)^ (s^+2s + 2)^ 
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Chapter 15, Problem 11. 

Find F(s) if: 

(a) /(/) = 6e~^ cosh2í (b) /(/) = 3te~^^ sinh4/ 

(c) /(í) = 8É;^''cosh/M(í-2) 


Chapter 15, Solution 11. 

(a) Since L [ cosh(at) ] 


F(s) = 


6(s + l) 

(s + l)'-4 


s 


6(s + l) 
+2s-3 


(b) 


Since L[sinh(at)] 
L[3e “ sinh(4t)] = 


a 


(3)(4) 

(s + 2)" -16 


12 

s^ +4s-12 


F(s) = L [ t • 3 e-"‘ sinh(4t) ] = /-[ 12 (s' + 4s -12) * ] 

ds 

, , 24ÍS + 2) 

F(s) = (12)(2s + 4)(s^ + 4s -12)" = 


(c) cosh(t) = /(e‘ + e‘) 

f(t) = 8 e-=‘-/(e‘ + e-‘)u(t-2) 

= 4e-^‘ u(t - 2) + 4e-‘*‘ u(t - 2) 

= 4e* e-"“-'* u(t-2) + ^e"'* e-‘*“-'*u(t-2) 

l[ 4^-^* e-^‘‘-^’ u(t - 2)] = 4^-“* e-^'" • l[ e^^ u(t)] 

4g-(2s+4) 

L[ 4^-“ e-"“-"> u(t - 2)] =- 

s + 2 

4e-(2s+x) 

Similarly, L[ 4^"“ e-‘*‘‘-^' u(t- 2)] =- 


Therefore, 

4g-(2s+4) 4g-(2s+8) e-*^^‘‘''’*[(4e^+4e-^)s + (16e^+8e-^)] 

s + 2 s + 4 ~_ s^ +6s + 8 _ 
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Chapter 15, Problem 12. 

\f g{f) = e-^' cos4t fmdG(í). 

Chapter 15, Solutìon 12. 




5 + 2 

(5 + 2 )'+ 4 ' 


5 + 2 

5^ + 45 + 20 


Chapter 15, Problem 13. 

Find the Laplace transform of the following functions: 
(a) t cos tu{t) (b) é^"^rsinn/(/) (c) — — í/(t) 


Chapter 15, Solutìon 13. 

(a) tf{t) < -> 

If f(t) = cost, then 


ds 


F(s)- 


s2+l 


and .Ap(s).-Í!1±MZ1ÍM 
ds (s^+1)^ 

s2-l 


L(tcost) = 


(s^+D^ 


(b) Let f(t) = e'* sint. 


F(s) = 


1 


1 


(5 +1)^ +1 + 2^ + 2 

dF (s^ + 2s + 2)(0) - (1)(2^’ + 2) 

(í'+2í + 2)' 

2(.’ + l) 


I / -r • ^ dF 

\-(e tsinD =-= 


ds (i’ + 2i’ + 2) 


(c) 


f(t) 


jF(í)í;?i’ 


Let f{t) = sin pt, then F{s) = 
sin j3t 




2 . /?2 

5 + p 


!^-—ds = l5 — \ms^— r =±-tan''± = tan''^ 

L t J Jí^+p I' 2 p _^ 
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Chapter 15, Problem 14. 


Find the Laplace transform of the signal in Fig. 15.26. 



ForProb. 15.14. 
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Chapter 15, Solution 14. 


Taking the derivative of f(t) twiee, we obtain the figures below. 
f(t) 

5 '^ 

0 t 


1 4 




> 


-2.5 


f’(t) 



f ’ = 5ô(t) - 7.5ô(t-2) -h 2.5S(t-6) 

Taking the Laplaee transform of eaeh term, 

5 e-^® 

s^F(s) = 5 - 7.5e"^^ + 2.5^"*^^ or F(s) = — 7.5 —— + 2.5 —— 

s s^ s^ 

Please note that we can obtain the same answer by representing the fiinction as, 
f(t) = 5tu(t) - 7.5u(t-2) + 2.5u(t-6). 
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Chapter 15, Problem 15. 

Determine the Laplace transfomi of the function in Fig. 15.27. 

/(Of 



0 1 2 3 4 5 6 7 í(.v) 


Figure 15.27 

ForProb. 15.15. 


Chapter 15, Solution 15. 


This is a periodic function with T=3. 

To get F](s), we consider f(t) over one period. 


fi’(t) 



>=> 


fi”(t) 



fi” = 5ô(t) -5S(t-l) - 5S’(t-l) 

Taking the Laplace transform of each term, 

s^Fi(s) = 5 -5e“" - 5se“" or Fi(s) = 5(1 - e“" - se“W 


Hence, 


F(s)=5 


1 -e ^ -se ^ 
s^(l-e”^®) 


Altematively, we can obtain the same answer by noting that fi(t) = 5tu(t) - 5tu(t-l) - 
5u(t-l). 
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Chapter 15, Problem 16. 


Obtain the Laplace transform off(t) in Fig. 15.28. 


m 

5 


2 


0 12 3 

Figure 15.28 

ForProb. 15.16. 


4 t 


Chapter 15, Solutìon 16. 

f (t) = 5 u(t) - 3 u(t -1) + 3 u(t - 3) - 5 u(t - 4) 

F(s) = t[5-3e-^ +3e-^* -56-“^] 
s 
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Chapter 15, Problem 17. 


Find the Laplace transform off(t) shown in Fig. 15.29. 


/(/) 

2 


1 


0 1 2 

Figure 15.29 

ForProb. 15.17. 


tis) 


Chapter 15, Solution 17. 

Taking the derivative of f(t) gives f’(t) as shown below. 
f(t) 



f (t) = 2Ô(t) - 5(t-l) - Ô(t-2) 

Taking the Laplace transform of each term, 

sF(s) = 2 - e * - e^^® which leads to 

F(s) = 12 - e'^ - e'^n/s 


We can also obtain the same answer noting that f(t) = 2u(t) - u(t-l) - u(t-2). 
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Chapter 15, Problem 18. 


Obtain the Laplace transforms of the functions in Fig. 15.30. 


giO 

3 

2 

1 


I_I 

0 1 2 3 / 


h(t) 



0 1 2 3 4 / 


(a) íb) 

Figure 15.30 

ForProb. 15.18. 


Chapter 15, Solutìon 18. 

(a) g(t) = u(t) - u(t -1) + 2[ u(t -1) - u(t - 2)J + 3 [ u(t - 2) - u(t - 3)] 

= u(t) + u(t-l) + u(t-2)-3u(t-3) 

G(s) = t(l + e-^+e-'^-3e-"') 
s 

(b) h(t) = 2t [ u(t) - u(t - 1)J + 2 [ u(t - 1) - u(t - 3)J 

+ (8-2t)[u(t-3)-u(t-4)J 

= 2tu(t) -2(t-l)u(t -1) -2u(t -1) + 2u(t-1) -2u(t -3) 
-2(t-3)u(t-3) + 2u(t-3) + 2(t-4)u(t-4) 

= 2tu(t) - 2 (t - l)u(t -1) - 2 (t - 3)u(t - 3) + 2 (t - 4)u(t - 4) 

2 2 2 2 
H(s) = ^ (1 - e-'') - ^+ ^e"'-' = -r(1 - e'^ - e’^^ + e"**) 
s s s s 
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Chapter 15, Problem 19. 

Calculate the Laplace transform of the train of unit impulses in Fig. 15.31. 

/(Oa 

i k 


0 2 4 6 8 / 

Figure 15.31 

ForProb. 15.19. 

Chapter 15, Solutìon 19. 

Since L[ ô(t)J = 1 and T = 2 , F(s) = 

Chapter 15, Problem 20. 

The periodic function shown in Fig. 15.32 is defmed over its period as 
sin;rL 0</<l 
0, 1 < r < 2 

Find G(s) 

g(t) 

1 


0 12 3 / 

Figure 15.32 

ForProb. 15.20. 

Chapter 15, Solution 20. 

Let g^ (t) = sin(7it), 0 < t < 1 

= sin(7it)[u(t)-u(t-l)] 

= sin(7it)u(t) - sin(7it)u(t -1) 

Note that sin(7i(t -1))= sin(7it - ti) = -sin(7it) . 
So, gi(t) = sin(7it)u(t) + sin(7i(t - l))u(t -1) 


r\ A 



Cí = 7i(l + e~^) 

” (s'+7r")(l-e-'*) 
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Chapter 15, Problem 21. 


Obtain the Laplace transfoiTn of the periodic wavefoiTn in Fig. 15.33. 




0 Itt Att 677 Htt î 

Figure 15.33 
ForProb. 15.21. 


Chapter 15, Solution 21. 

T = 2tc 


Let f|(t) = [l-[u(t)-u(t-2;i)] 


271 

t'l (t) = u(t) - -^u(t) + 7 ^(t - 2ji)u(t - 2 ji) 
2jr 2jr 


Fi(s) = t-L + ® 


-2;is 


S 27IS^ 27IS^ 


27is + |-l + e 

27IS^ 


^-2;rs 


F(s) = 


Fi(s) 


2jis-l + e 
2jis^(l-e'^"') 
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Chapter 15, Problem 22. 

Find the Laplace transfoiTns of the funetions in Fig. 15.34. 



Figure 15.34 

ForProb. 15.22. 



Chapter 15, Solutìon 22. 

(a) Let (t) = 2t, 0 < t < 1 

= 2t[u(t)-u(t-l)] 

= 2tu(t)-2(t-l)u(t-l) + 2u(t-l) 


2 2e-* 

G.(s) = ;r— 

Gi(s) 


G(S): 


1-e" 


2 

- + -e'' 
s 

T = 1 


G(s) 


2(l-e"+se") 

s"(l-e") 


(b) Let h = hy + u(t), where h^ is the periodic hiangular wave. 
Let h^ be hy withinits firstperiod, i.e. 

í 2t 0 < t < 1 
^‘^^^”{ 4-21 l<t<2 


h, (t) = 2t u(t) - 2t u(t -1) + 4u (t -1) - 2t u(t -1) - 2 (t - 2) u(t - 2) 
h, (t) = 2t u(t) - 4 (t -1) u(t -1) - 2 (t - 2) u(t - 2) 

2 4 2e'^'’ 2 


s' s"®' ' s- 


= -^(l-e-^)^ 


H„(s) 


2 (1-e-)^ 
s" (l-e'"') 



2 (1-e-)^ 
s" (1-e "^) 
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Chapter 15, Problem 23. 

Detennine the Laplace transfoiTns of the perìodic funetions in Fig. 15.35. 



(a) 

Figure 15.35 

ForProb. 15.23. 



Chapter 15, Solutìon 23. 

(a) Let f.(t) = 


0<t<l 

l<t<2 


fi (t) = l u(t) - u(t - 1)J - [ u(t -1) - u(t - 2)J 
f,(t) = u(t)-2u(t-l) + u(t-2) 


F. (s) = t (1 - 2 e-' + e'"') = t (1 - e-' f 
s s 


F(s) = 
F(s) = 


Fi(s) 

(1-e-")’ 

(1-e-^)^ 

s(l-e-^*) 


T = 2 


(b) Let h^(t) = t^ [u(t)-u(t- 2)J = t^ u(t) -1^ u(t- 2) 

h, (t) = t' u(t) - (t - 2)' u(t - 2) - 4(t - 2)u(t - 2) - 4u(t - 2) 


H,(s) = |-(l-e-^“)-^ 




H(s) = 
H(s) = 


H,(s) 

-T = 2 

(1-e-"')’ 

2íl-e-''*)-4se-'Hs + s^) 


s^(l 


^) 
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Chapter 15, Problem 24. 

Given that 


F(.) 


^ + lOi" + 6 
s{s +1) (i" + 3 ) 


Evaluate/(0) and if they exist. 


Chapter 15, Solution 24. 


/(0) = limi"E’(5) = lim 


5 


-ÌOs + 6 


= lim 


.v->oo(^-+1)2(_^-. + 2) ,v->oo 

\ 1 - 77 / \ r + 10 i" + 6 6 

/( 00 ) =limi"/^(5') = lim-;-=- 

^^^{s + l)\s + 2) (1)(2) 


1 / +10 / s^ + 6 / s^ 
{ì + ì/s){l + 2/s) 



Chapter 15, Problem 25. 

Let 


(s + 2)('.' + 3 ) 

(a) Use the initial and fínal value theorems to fínd/(0) and f {^). 

(b) Verìfy your answer in paii: (a) by fínding/(/), using paifíal fí'actions. 


Chapter 15, Solution 25. 


(a) /(0) = limfF(A-) = lim + =iim + ^3 


> (s + 2)(s + 3) (1 + 2 / 5)(1 + 3/s) 


f (co) = lim sF {s) = lim —— _ q 
'^o('í + 2)(',' + 3) ■ 


(b) F(^-)= + = —+ - ^ 


(i" + + 3) + 2 i" + 3 


.4 = 5(=>),_5. B = 


-1 


s + 2 i' + 3 


f(t) = -5e~^‘ + I0e~^‘ 


f(0) = -5 + 10 = 5 
f(oo)=-0 + 0= 0, 
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Chapter 15, Problem 26. 


Detennine the initial and final values of/(t), if they exist, given that: 


(a) F(.) 

(b) F{s) 


+3 

5 ^ + 4 ^^ + 6 

-2s + l 

(i' ~ 


Chapter 15, Solution 26. 


(a) 


f(0) = limsF(s) = lim 

S—^OC S—>OQ 


s^+3s 
s^ +4s^ +6 


= 1 


Two poles are not in the left-half plane. 
f (od) does not exist 


(b) f (0) = limsF(s) = lim 


s -2s +s 


(s-2)(s'+2s + 4) 


: lim 


1 2 1 
1 — + ^ 
s s 


f. 2^ 

r, 2 4"i 



V s j 

l s s j 


One pole is not in the left-half plane. 
f (oo) does not exist 
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Chapter 15, Problem 27. 


Detennine the inverse Laplace transfoim of eaeh of the following functions: 
(a) 7^(5) = t + . 2 


(b) G(s) = 

(c) His): 

(d) 7(^0 = 


5 " + 1 

3i^ + l 


^- + 4 


(s+iX^+3) 

12 

(s + if (s + 4 ) 
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Chapter 15, Solution 27. 


(a) f(t) = u(t) + 2e‘*u(t) 


(b) 


G(s) = 


3(s + 4)-ll 
s + 4 


= 3- 


11 

s + 4 


g(t) = 35(t)-lle-Vt) 


(c) 


H(s) 


4 

(s + l)(s + 3) 


A 

-+ 

s +1 


B 

s + 3 


A = 2, 



B = -2 
2 

s + 3 


h(t)= 2 e-‘ -2e-"‘uíti 


(d) 


J(s) = 


12 


B 


(s + 2)^(s + 4) s + 2 (s + 2)' 


12 


12 


12 = A(s + 2)(s + 4) + B(s + 4) + C(s + 2) 


C 

s + 4 


2 


Equating coeffícients : 

s"; 0 = A + C -> A = -C = -3 

s‘: 0 = 6A + B + 4C = 2A + B -> B = -2A=6 

s": 12 = 8A + 4B + 4C = -24 + 24 + 12 = 12 


J(s) = 


-3 6 3 

+ :r + 

S + 2 (s + 2) S + 4 


i(t) = 3e-^^-3e-^^+6te-^^u(t) 
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Chapter 15, Problem 28. 

Find the inverse Laplace transform of the following fiinctions: 

4i'"+6i' + 25) 

T>( \ 6i'^+36i' + 20 

'’’>^W'(/ + l)(/ + 2X/ + 3) 


Chapter 15, Solution 28. 

(a) F{s)= 

s(s +05 + 25) 


A Bs + C 

—I —j - 

5 5 +65 + 25 


20(5 + 2) — A(5 + 65 + 255) + Bs + C*5 
Equating components, 

: 0 = A + B or B= - A 

s: 20 = 6A + C 

constant: 40 - 25 A or A = 8/5, B = -8/5, C= 20 - 6A= 52/5 


8 52 

Q -5 H- 

Fis) = — + ^ 

5i' (i' + 3)"+4" 


8 

— + 


5i' 


--(i' + 3) + 


24 
—+ 
5_ 


52 

5 


(i' + 3)'+4" 


X/ \ s S - 3 / A -31 • / 

ý{t) = -u{t)—e cos4rH- e sin4í 


(b) P{s) = 


ôs + 365 + 20 

(5 + !)(•!' + 2)(i' + 3) 


, 6-36 + 20 

A = -= -5 

(-l + 2)(-l + 3) 

B = 24-72 + 2Q ,,g 

(-1)(1) 

54-108 + 20 

(-2)(-l) 

P(.) = ^+ 


C: 


-17 


17 


5+1 5+2 5+3 


A B 

-+-+ 

5 + 1 5 + 2 


_C_ 

5+3 


p(t) = (Se ^ + 28é^ —17e ^^)u(t) 
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Chapter 15, Problem 29. 


Find the inverse Laplace transform of: 
25 + 26 


Chapter 15, Solution 29. 

V(s) = - + ——; 2s^ +8s + 26 + As^ + Bs = 2s + 26 ^ A = -2andB = -6 
s (s + 2)^+3^ 

V(3) = l- ^_ 

S (s + 2)^+3^ 3(s + 2)^+3^ 


v(t) = (2-2e~^^ cos3t-e~^^ sin3t)u(t), t > 0 
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Chapter 15, Problem 30. 


Find the inverse Laplace transform of: 


(a) ^,( 5 ) = 

(b) = 


65 ^ + 85 ' + 3 
+ 2s + 5 j 
+ 5 ^ + 6 


(s + l)^(s + 4) 


(c) ^ 3 ( 5 ') 


10 

(i' +1)^^^ + 4i’ + s) 


Chapter 15, Solution 30. 


(a) 


6s + 8 i'' + 3 A Bs~\-C 

—? - ~ —'—?- 

+2i'' + 5) i"' +2,5'+5 


65 ^ + 8 , 5 » + 3 — + 2s + 5) + Bs^ + Cs 

We equate coefficients. 
s^ : 6 = A + B 

s: 8 = 2A + C 

constant: 3=5A or A=3/5 
B= 6 -A = 21/5, C=8-2A = 34/5 


3/5 27^/5 + 34/5 _ 3/5 27(a- + 1)/5 + 7/5 

+25+ 5 5 (5 + 1 )^+2^ 


/;(o= 


3 27 _ 7 _ . 

— H- e ^cos2tH- e ^sin2t 

5 5 10 


u(t) 
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+ Si'' + 6 


B 


C 


(h)F,is)= , . 

(i'’ +1) (i" + 4) .y +1 (i'' + 1) i'' + 4 

s^ + Ss + 6 = A(5 + l)(.íi' + 4) + B(s + 4) + +1)^ 

Equating coefticients, 


: 1 —A+C 

s: 5=5A+B+2C 

constant: 6=4A+4B+C 
Solving these gives 

A=7/9, B=2/3, C=2/9 




7/9 2/3 2/9 

s -\-l (.y +1)^ + 4 


f2(t) = 



2 

-\--te 

3 


-\-—e 

9 


u(t) 


10 A Bs-\-C 

(c) FJs) = -;-=-+ —- 

(5 + l)(.s +4.5 + 8) .5 + 1 A" +4.5 + 8 

10 = A(5^ + 45 + 8) + 5 ( 5 ^ + 5 ) + C(5 +1) 
s^ : 0 = A + B or B = -A 

s: 0=4A+ B + C 

constant: 10=8A+C 

Solving these yields 

A=2, B=-2, C=-6 

^ 2 ^ -25-6 _ 2 2(5 + 1) _ 4 

5+1 5^ + 45 + 8 5 + 1 (.^" +1)^ + 2f (5 + 1)^ + 2^ 

f 3 (t) = (2e~^ - 2e~^cos(2t) - 2e~^sin(2t))u(t) . 
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Chapter 15, Problem 31. 


Find/(í) for each F(s): 
(.- + 1X5 + 2 X 5 + 3) 

/ X_ ^ + 1 _ 

(i’ + 2 Xi'" +25 + 5] 


Chapter 15, Solutìon 31. 


lOs A B C 

(a) F(s) =-=-+-+- 

(s + l)(s + 2)(s + 3) s + 1 s + 2 s + 3 

I -10 

A = F(s)(s + l)|,,^.^= —= -5 

20 


B = F(s)(s + 2)|,^., 
C = F(s)(s + 3)|,^.3 


-5 20 

F(s) = —+ 


-J^ 

2 

-20 

-1 

-30 


2 

15 


-15 


s+1 s+2 s+3 


f(t)= (-5e'‘ +20e'^‘ -15e'^‘)u(t) 
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2s^+4s + l A B C D 

Flsl =-=-+-+-+- 

(s + l)(s + 2)^ s + 1 s + 2 (s + 2)^ (s + 2)^ 

A = F(s)(s + l)|.,..^=-l 

D = F(s)(s + 2)^|,^.,=-l 

2s" + 4s +1 = A(s + 2)(s' + 4s + 4) + B(s + l)(s' + 4s + 4) 
+ C(s + l)(s + 2) + D(s + l) 

Equating coeffïcients : 


0 = A + B 


B = -A = 1 


s': 2 = 6A + 5B + C = A + C 


C=2-A=3 


s‘: 4 = 12A + 8B + 3C + D = 4A + 3C + D 


4 = 6 +A + D 


D = -2-A = -l 


s“: l = 8A + 4B + 2C + D = 4A + 2C + D = -4 + 6-l = l 


-113 1 

F(s) =-+-+-r--T 

s + 1 s + 2 (s + 2)" (s + 2)' 


f(t) = -e-‘+e-"‘+3te-"‘-Ye-"‘ 

( t^ì 

f(t)=(-e'‘+ l + 3t-y e'^‘)u(t) 


s +1 A Bs + C 

(s + 2)(s^ +2s + 5) s + 2 s^+2s + 5 

A = F(s)(s + 2)|,,.,=y 

s + l = A(s'+2s + 5) + B(s'+2s) + C(s + 2) 
Equating coefficients : 


0 = A + B 


B -A 5 


1=2A+2B+C=0+C 
1 = 5A + 2C = -1 + 2 = 1 


-1/5 1/5-s + l -1/5 l/5(s + l) 4/5 

^*'®^“s + 2’^(s +1)^+2' “s + 2’^(s +1)^+2' "^(s + l^' + ^' 


f(t) = (-0.2e'^‘ + 0.2e'‘ cos(2t) + 0.4e'‘ sin(2t))u(t) 
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Chapter 15, Problem 32. 

Detemiine the inverse Laplace transfoiTn of eaeh of the following funetions: 


8 (a- + + 3 ) 

.-(5 + 2X.' + 4) 


. 5'^—2 5’+ 4 5^+1 

^ (s + iXi' + 2 )' (i' + sXi’' +45 + 5 ) 


Chapter 15, Solution 32. 

_ 8(s + l)(s + 3) A B C 

(a) F(s) =-= — +-+- 

s(s + 2)(s + 4) s s + 2 s + 4 


A = F(s)s,, 


(8)(3) 

(2)(4) 


B = F(s)(s + 2)|....=í^ = 2 
C = F(s)(s + 4)|„, = ®^ = 3 


3 2 3 

F(s) — + - + . 

s s+2 s+4 


f(t)= 3u(t) + 2e-"‘ +3e- 


s"-2s + 4 A B C 

F( s) =-=-+-+- 

(s + l)(s + 2)' s + 1 s + 2 (s + 2)" 


s"-2s + 4 = A(s"+4s + 4) + B(s'+3s + 2) + C(s + l) 


Equating coeffïcients : 

s"; 1 = A + B -> B = l-A 

s‘: -2 = 4A + 3B + C = 3 + A + C 
s": 4 = 4A + 2B + C = -B-2 — 


B = -6 


A = 1-B = 7 


C = -5-A = -12 


F(s) = 


s + 1 s + 2 (s + 2)' 


f(t)= 7e-‘ -6(l + 2t)e- 
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A 


(c) 


F(s) = 


s ^+1 

(s + 3)(s^ + 4s + 5) 


s + 3 


Bs + C 
s^ +4s + 5 


s^ +1 — A(s^ + 4s + 5) + B(s^ + 3s) + C(s + 3) 

Equating coeffícients : 

s^: 1 = A + B -> B = l-A 

s‘: 0 = 4A + 3B + C = 3 + A + C -> A + C = -3 

s“: l = 5A + 3C = -9 + 2A -> A = 5 


B = l-A = -4 C = -A-3 = -8 


F(s) = 


5 

s + 3 


4s + 8 
(s + 2)^ +1 


5 4(s + 2) 

s + 3 (s +2)^+1 


f(t) = 5e'^‘ -4e‘^‘ cos(t) 
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Chapter 15, Problem 33. 

Calculate the inverse Laplaee ti'ansfomi of: 

TTTv 

À — 1 +1 sys +1 j 

Chapter 15, Solutìon 33. 

6 (s-l) 6 

,a) 


As+ B C 
s^ +1 s + 1 


6 — A(s^ + s) + B(s + l) + C(s^ "tl) 
Equating coefficients : 

s': 0 = A + C -> A = -C 

s‘: 0 = A + B -> B = -A: 


A = -3, 


6 = B + C = 2B 
B = 3, 


A = -C 
B = -A=C 
B = 3 
C = 3 


s + l'^'sTl s + l'''s^+l'''s^+l 
f(t)= (3e'^ +3sin(t)-3cos(t))u(t) 


f(t) = cos(t-7i)u(t-jr) 

8 A B C D 

s(s + l)^ s '*'s + 1'*'(s + 1)^'*'(s + 1)^ 

A = 8, D = -8 

8 = A(sT3sT3s + l) + B(sT2sTs) + C(s" +s) + Ds 
Equating coefficients : 


0 = A + B 


B = -A 


s': 0 = 3A + 2B + C = A + C - 

s‘: 0 = 3A + B + C + D = A + D 


C = -A = B 


D = -A 


s": A = 8, B = -8, C = -8, D = -8 


s s + 1 (s + 1)' (s + 1)' 
f(t) = 8[l-e'' -1e-‘ -0.51" e'*] u(t) 
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Chapter 15, Problem 34, 



Chapter 15, Problem 35. 


Obtain/(í) for the following transfoims: 

(a) F(i') = -r (b) F(s) = - 

(í + l)(s + 2) s^+5s + 4 


(c) F(.) = 


+ 3 ll.íi' + 41 


Chapter 15, Solution 35. 


(a) Let G(s) ^ 


s + 3 A B 

(s + l)(s + 2) s + 1 s + 2 


A = 2, 


B = -l 


G(s) = 


2 1 
s+1 s+2 


g(t) = 2e'‘ -e' 


F(s) = e-'"' G(s) 


f(t) = g(t-6)u(t-6) 


f(t)=[2t 


’]u(t-6) 


Let G(s) = 


1 _^ 

(s + l)(s + 4) s +1 s + 4 


A = 1/3, B = -1/3 


G(s) = 


3(s + l) 3(s + 4) 


g(t) = t[e-‘-e-^‘] 


F(s) = 4G(s)-e-'‘G(s) 


f (t) = 4 g(t) u(t) - g(t - 2) u(t - 2) 


f(t)=T[e'-e-^‘]u(t)-i[e-<-^»-e-^'‘-^> 


]u(t-2) 
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s 


(c) 


Let 


G(s) = 


(s + 3)(s'+4) 


A. Bs + C 
s + 3 s^+4 


A = -3/13 


s = A(s'+4) + B(s'+3s) + C(s + 3) 


Equating coeffïcients : 

s^: 0 = A + B -> B = -A 

s‘: 1 = 3B + C 

s": 0 = 4A + 3C 

A = -3/13, B = 3/13, C = 4/13 


13G(s) = 


-3 3s + 4 
s + 3 s^+4 


13 g(t) = -3 e'^' + 3 cos(2t) + 2 sin(2t) 


F(s) = e'^ G(s) 


f(t) = g(t-l)u(t-l) 

f (t) = —r[- + 3cos(2(t -1)) + 2sin(2(t -1))] u(t -1) 
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Chapter 15, Problem 36. 


Obtain the inverse Laplace transfoiTns of the following functions: 
1 


(a) Z(.-) = 

(b) y(.0= 

(c) Z(.) = 


’ (i' + 2 )(i' + 3) 


1 


s'(i’ +1)^ 


i’(i’ + l)(i' ^ + 6i' +1 0 ) 


Chapter 15, Solutíon 36. 


(a) 


1 

X(s) = - 

(s + 2)(s + 3) 


A B C D 

—+ —+-+ 

s s s+2 s+3 


B = l/6, C = l/4, D = -l/9 


1 = A(s" +5s"+6s) + B(s" +5s + 6) + C(s" +3s') + D(s' +2s") 


Equating coeffícients : 

s^: 0 = A+C + D 

s': 0 = 5A + B + 3C + 2D = 3A + B + C 

s‘: 0 = 6A + 5B 

s": 1 = 6B -> B = l/6 


A = -5/6B = -5/36 


X(s) 


-5/36 1/6 1/4 1/9 

—^+ ^ + —— 

s s s+2 s+3 
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1 A B C 
A = l. C = -l 


1 — A (s ^ + 2s + 1) + B(s^ +s) + Cs 


Equating coefficients : 
s^: 0 = A + B - 


B = -A 


0=2A+B+C=A+C 
1 = A, B = -l, C = -l 


C = -A 


1 1 1 
^^®^"s“^“(s + l)^ 


y(t) = u(t)-e'‘ -te'' 


A B Cs + D 
(0 s '''s + l'''s^+6s + 10 


A = l/10, B = -l/5 


l = A(s' +7s"+16s + 10) + B(s'+6s" +10s) + C(s'+s') + D(s"+s) 


Equating coefficients : 
s^- 0 = A + B + C 

s‘: 0 = 7A + 6B + C + D = 6A + 5B + D 
s‘: 0 = 16A + 10B + D = 10A + 5B 


B = -2A 


1 = 10A 


A = l/10 


A = l/10, B = -2A = -l/5, C = A = 1/10, 


D = 4A = — 
10 


1 2 s + 4 

10Z(s) = -- 7 + ^— 777 

s s + 1 s^ + 6s + 10 

1 2 s+3 1 

10Z(s) = ---+-^^- 

s s + 1 (s + 3)"+l (s + 3)'+l 


z(t) = 0.1 l-2e‘‘ +e'^‘ cos(t) + e'^‘ sin(t)] u(t) 
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Chapter 15, Problem 37. 


Find the inverse Laplace transfoiTn of: 
s + 4 


(a) H{s) = 

(b) G(ì') = 

(c) 7^(í) = 

(d) 0 ( 5 ) = 


r(i’ + 2) 

+ 5 

(5 + 3)^5^ + 2 ,^ + 2 ^ 


5 + 2 


IO5 


(5^ +l)(s^ +4) 


Chapter 15, Solution 37. 


(a) H{s) 


5+4 
5(5 + 2) 


A B 

= —+- 

5 5 + 2 


s+4 =A(s+2) + Bs 
Equating coeffìcients, 
s: 1=A + B 

constant: 4= 2 A —>. A =2, B=l-A = -1 


h{t) = 2u{t)-e~^hi{î) = {2-e~^‘)u{t) 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reseived. No part 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher. or used beyond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual coui'se prepaiation. If you are a student using this Manuah 
vou are using it without permission. 



(b) G(i') 


A Bs + C 

- 1 - Z - 

5 + 3 5 + 25 + 2 


5^ + 45 + 5 — (^5 + C)(5 + 3) + A(5^ + 25 + 2) 
Equating coefficients, 
s^: 1=B+A (1) 

s: 4 = 3B + C + 2A (2) 

Constant: 5 =3C + 2A (3) 


Solving (1) to (3) gives 
2 


A = - 


B = - 


C = 


, 0.4 0.6i- + 1.4 

G(s) = -+ - 


§(t)' 


.s + 3 s +2^ + 2 5 + 3 

: 0.4é;^^' +0.6 í; ' cost + O.Sé; ' sinr 


0.4 0.6(5 + !) +0.8 


(5 + 1) +1 


(c) f(t) = e-^^‘-%(r-4) 


(d) D(S) : 


IO5 


(5^+1)(5^+4) 


A 5 + B Cs + D 

- + - 


5"+l 


5^+4 


1 05 = ( 5 ' + 4)( A5 + B) + (s^+ 1 )(C5 + D) 
Equating coefficients, 
s^ 0 = A + C 

s^: 0 = B + D 

s: 10 = 4A + C 

constant: 0 = 4B+D 
Solving these leads to 
A = -10/3, B = 0, C = -10/3,D = 0 
, IO5/3 IO5/3 

X 10 10 . 

dit) = —cost-cos 2t 

3 3 
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Chapter 15, Problem 38. 


Find/(í) given that: 


(a) F(.) 

(b) F(.) 


5 ^ + 4 ^ 
s" + 10s + 26 
+7^ + 29 
A' (5 ^ + 4 ^ + 29) 


Chapter 15, Solutìon 38. 


(a) 



F(s)-1- 


F(s) = l- 


s^+4s s^+10s + 26-6s —26 

+ 10S + 26” s'+10s + 26 

6s + 26 

s' +10S + 26 
6(s + 5) 4 

(s + 5)'+l' ’^(s + 5)"+l' 


f(t) = ô(t)-6e ‘ cos(5t) + 4e ‘ sin(5t) 


(b) 


5s^ + 7s + 29 
s(s^ +4s + 29) 


A Bs + C 
s s^ +4s + 29 


5s' + 7s + 29 = A(s' + 4s + 29) + Bs' + Cs 

Equating coeffícients : 

s“: 29 = 29A -> A = 1 

s‘: 7 = 4A + C -> C = 7-4A = 3 

s": 5 = A + B -> B = 5-A = 4 

A = l, B = 4, C = 3 

1 4s + 3 1 4(s + 2) 5 

s s"+4s + 29 s (s + 2)"+5" (s + 2)"+5" 

f(t) = u(t) + 4e‘^‘ cos(5t) - e'^‘ sin(5t) 
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Chapter 15, Problem 39. 


*DeteiTiiine/(/) if: 


(a) ^(5) 


(b) F(.) 


2i-'+4s"+l 

{ s ^ + 2^- + 17)(a-^ + 4a' + 20 ) 
i'" +4 

(i'" +9X5'+6 a- + 3) 


* An asterisk indicates a challenging problem. 


Chapter 15, Solution 39. 


2s^ + 4s^ +1 As + B Cs + D 

(a) (s2+2s + 17)(s'+4s + 20) “s'+2s + 17'^s'+4s + 20 

+ 4s" +1 = A(s' + 4s" + 20s) + B(s" + 4s + 20) 

+ C(s" + 2s' +17s) + D(s' + 2s +17) 

Equating coeffícients : 
s^: 2 = A + C 

s^: 4 = 4A + B + 2C + D 

s‘: 0 = 20A + 4B + 17C + 2D 

s": 1 = 20B + 17D 

Solving these equations (Matlab works well with 4 unknowns), 

A = -1.6, B = -17.8, C = 3.6, D = 21 

-1.6S-17.8 3.6S + 21 

s^+2s + 17 s^+4s + 20 

(-1.6)(s + l) (-4.05)(4) (3.6)(s + 2) (3.45)(4) 

(s + l)"+4" (s + l)"+4" (s + 2)'+4" (s + 2)"+4" 

f(t) = -l,6e ‘ cos(4t)-4.05e ‘ sin(4t) + 3.6e‘^‘ cos(4t) + 3.45e‘^‘ sin(4t) 
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s^+4 As + B Cs + D 

(s^+9)(s^+ 6s + 3) s^+9 s^+6s + 3 


s" + 4 = A (s' + 6s" + 3s) + B (s" + 6s + 3) + C (s' + 9s) + D (s" + 9) 


Equating coefficients : 

s': 0 = A + C -> C = -A 

s": 1 = 6A + B + D 

s': 0 = 3A + 6B + 9C = 6B + 6C 

s": 4 = 3B + 9D 


B = -C = A 


Solving these equations, 

A = l/12, B = l/12, C = -l/12, D = 5/12 


12F(s) = 


s + 1 -s + 5 

s^+9 s^ + 6s + 3 


s + 6s + 3 — 0 


■6 + V36-12 


-0.551,-5.449 


Let G(s) = 


s'+6s + 3 s + 0.551 s + 5.449 


^ s +5.449 

s +0.5511 =-2.133 


1.133 2.133 

s +0.551 ~s +5.449 


12F(s) = 


1 3 


1.133 2.133 


s'+3" 3 s"+3" s +0.551 s +5.449 


f(t) = 0.08333cos(3t) + 0.02778sin(3t) + 0.0944e "-'''‘ -0.1778e- 
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Chapter 15, Problem 40. 


Show that 


45^+75 + 13 

(.y + + 2 ^ + 5) 



cos(2t + 45^) + 3é?-^' 



Chapter 15, Solutìon 40. 


Let H(s) = 
4s" 


4s^+7s + 13 A Bs + C 

- —-1- 

_(s + 2)(s^+2s + 5)J s + 2 s^+2s + 5 

+ 7s + 13 = A(s^+2s + 5) + B(s^+2s) + C(s + 2) 


Equating coeffìcients gives: 
s^: 4 = A + B 

s: 7 = 2A + 2B + C 

constant: 13 = 5A + 2C 


+ C = -l 

+ 5A = 15 oi-A = 3, B = 1 


H(s) = 


3 ^ s-1 

s + 2 s^+2s + 5 


3 , (s + l)-2 

s + 2 (s + l)^+2^ 


Hence, 


h(t) = 3e ^^+e ^cos2t-e ^sin2t = 3e ^^+e ^ (A cos a cos 2t - A sin a sin 2t) 
where Acosa = l, Asina = l -> A = V2, a = 45^ 

Thus, 

h(t) = |V2e~^ cos(2t + 45*^) + 3e~^^ |u(t) 
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Chapter 15, Problem 41. 


* Let x(t) and y(t) be as shown in Fig. 15.36. Find z{t) = x(/)* * >^(/). 


A-(/) 


2 


0 2 4 6 t 


Figure 15.36 
ForProb. 15.41. 


y(T) 

4 


0 


-4 


2 4 6 


8 


t 


* An asterisk indicates a challenging problem. 
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Chapter 15, Solution 41. 


We fold x(t) and slide on y(t). For t<0, no overlapping as shown below. x(t) =0. 

y(^) 




4 




-^ 


i 

t 

-4 

1 2 

4 6 

00 


For 0 < t < 2, there is overlapping, as shown below. 


y('^) 



I 

i{t)= \{l){A)dt 
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For 2 < t < 6, the two functions overlap, as shown below. 


y(^) 



2 î 

7(í)= J(2)(4)í//l+ J(2)(-4)í//l = 16-8í 


For 6<t<8, they overlap as shown below. 


y(^) 



-4 


2 6 í 

7(í) = J {2\A)dÀ + J(2)(-4)í//l + J(2)(4)í//l = 82 

/-6 2 6 
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For 8< t <12, they overlap as shown below. 


y(^) 



6 S 

z{t) = J {2){-A)dl + \{2){A)dÀ = -8A 

í-6 6 


+ 8A 

t-6 


8 

6 


8?-80 


For 12 < t < 14, they overlap as shown below. 

y{^) 



Hence, 


z(t) = Stj_0 <t<2 

16—8t^ _2 <t<6 

-16, _6 <t<8 

8t-80, _8 <t<12 

112-8t, 12<t<14 

(L_otherwise 
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Chapter 15, Problem 42. 


Suppose that f{t) = u[t)-u{t -1). Detennine /(t)* f{t). 


Chapter 15, Solutìon 42. 

For 0<t<2, the signals overlap as shown below. 




1 






n 

ï 



t-2 J 

5 t 

2 

A. 


0 

For 2 < t< 4, they overlap as shown below. 



^(0 


I (1)(1)J1 


í-2 


= t 


2 

t-2 


4-t 


Thus, 


t, 0</<2 


^(t) = 


4-t, 


2<t<4 


0 , otheiwise 
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Chapter 15, Problem 43. 


Find j(r) = x(r)* /i(í) for each paired x(t) and h(t) in Fig. 15.37. 



(a) 


xií) 

1 


0 t 


m 


2 


0 


(b) 


î 




x(î) i 

1 






-] 

L í 

) 1 î 



1 


(c) 

Figure 15.37 

ForProb. 15.43. 
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Chapter 15, Solution 43. 


(a) For 0 < t < 1, x(t - ^) and h(^) overlap as shown in Fig. (a). 
y(t) = x(t) * h(t) = I (1)(X) dPt = y I ‘ = y 

x(t-X) 1 î 



t-1 0 t 1 


0 t-1 1 t 


(a) (b) 

For 1 < t < 2, x(t - X) and h(A.) oveiiap as shown in Fig. (b). 

y(t)= (l)(À)dX+ I (1)(1) dX = y|;_, +x|í =yt^ +2 t-l 

For t > 2, there is a eomplete oveiiap so that 

y(t)= t (i)(i)dx = x|:_,=t-(t-i) = i 


Therefon 


y(t) = 


V/2, 0 < t < 1 

(tV2) + 2t-l, l<t<2 


otherwise 
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(b) For t > 0, the two functions overlap as shown in Fig. (c). 
y(t) = x(t)*h(t)=f(l)2e-^ dl = -2e-^‘ 



(c) For -1 < t < 0, x(t - A.) and h(A.) overlap as shown in Fig. (d). 

y(t) = x(t)*h(t)= (l)(A.)dA, = =^(t-rl)' 



For 0 < t < 1, x(t - X) and h(A.) oveiiap as shown in Fig. (e). 


y(t)=f(l)(^)dX+f\l)(2-^)dX 



1 t-1 |0 t 1 t+1 2 

(e) 
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For 2 < t < 3 , x(t - A.) and h(A.) overlap as shown in Fig. (g). 
y(t) = (1)(2 - X) dl = (^2^ - yj I = I - 3t +1 



Therefore, 


y(t) 


' (tV2) + t + l/2, -l<t<0 

-(tV2) + t + l/2, 0<t<2 

(tV2)-3t + 9/2, 2<t<3 

0, otherwise 
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Chapter 15, Problem 44. 


Obtain the convolution of the pairs of signals in Fig. 15.38. 



■x:(/). 


1 





Figure 15.38 


(b) 


ForProb. 15.44. 


2 3 4 5 / 
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Chapter 15, Solution 44. 


(a) For 0 < t < 1, x(t - X) and h(X) overlap as shown in Fig. (a). 
y(t) = x(t)H=h(t)=f (l)(l)dX = t 

x(t - 


(a) 

For 1 < t < 2, x(t - X) and h(>L) oveiiap as shown in Fig. (b). 

y(t) = t (i)(i) dx + f (-i)(i) dx = x| u - x|; = 3 - 2 t 


For 2 < t < 3 , x(t - X) and h(^) oveiiap as shown in Fig. (c). 

y(t)= t (i)(-i)dx = -x|t, = t-3 



(b) (c) 


t, 0 < t < 1 
3-2t, l<t<2 

t-3, 2<t<3 

0 , otherwise 


Therefore, 

y(t) = 
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(b) For t < 2 , there is no overlap. For 2 < t < 3 , f^(t - À) and overlap, 
as shown in Fig. (d). 

y(t) = f,(t)H=f,(t)=|(l)(t-X) dÀ 



For 5 < t < 6 , the fanetions oveiiap as shown in Fig. (f). 

3.(í)= (l)(t-Á)dÀ = \ Àt -|f_, = —Í- + 5Í-12 

* i 2 j 2 



Therefore, 


y(t) 


' (tV2)-2t + 2, 2<t<3 

1/2, 3 < t < 5 

-(tV2) + 5t-12, 5<t<6 

0, otherwise 
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Chapter 15, Problem 45. 


Given h[t)=4e ^hí[t) and x[t) = S[t)-2e ^hi[t), fmd y[t) = x^t)"^ h[t). 


Chapter 15, Solution 45. 

y(t) = h(t) * x(l) = [4e-^'u(t)y\_S(t) - 2e-^‘u(l)'] 

î 

= Ae-^‘u(t) * S(t) - Ae-^‘u(t) * 2e-^‘u(t) = Ae-^‘u(t) - Sg-"' ^e"dX 

0 

= 4e~^hi{t) - ^te~^hi(t) 


Chapter 15, Problem 46. 

Given the following funetions 

x(t)= 2S[t), y[t) = 4ii[t), z[t) = e~^hi(t), 

evaluate the following eonvolution operations. 

(a) 

(b) 40* ^(0 

(c) 

(d) 3’(í)*[3'(0+^(0] 


Chapter 15, Solution 46. 

(a) x(t) * y(t) = 2S(t) * 4ii(t) = Sii(t) 

(b) x(t)^z(t) = 2S(t)^e~^hi(t) = 2e~^hi(t) 

(c ) 3 -(r) * z(t) = Au(t) * e-^‘u(t) = Aje-^'^dÂ = — 


t j, 

= 2(l-e-^‘) 
0 - - 


(d) 


y(^)^[y(t)-^ z(t)] = 4ii(t)'^[4ii(t)-\-e ^hi(t)] = 4^[4ii(À)-\-e ^^'ii(À)]dÀ 


í -ZA 

Aj[A+e-^^]dX = A[At + —'\ 


^ =\6t-2e-^‘+2 
0 - 
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Chapter 15, Problem 47. 


A system has the transfer function 
H{s) = -, - y -. 

(í + l)(4’ + 2 ) 

(a) Find the impulse response of the system. 

(b) Deteimine the output y(t), given that the input is x{t) = u{t) 


Chapter 15, Solutìon 47. 


(a) H(s) = 


A B 

- + - 


(i'' + + 2) +1 i'' + 2 

s=A(s+2) +B(s+1) 

We equate the coefficients. 

s: 1=A+B 

constant: 0 =2A +B 

Solving these, A = -l, B=2. 


(b) H(s) = 
Yis) = 


His) = — + ^ 

4' + l s + 2 

h(t) = (-e~^ + 2e~^^)u(t) 
Y(s) 


X(s) 

1 


> Y(s) = H(s)X(s) = 


(a" +1 )^*^ + 2) s 


C D 

- + - 


(a" + l^^A" + 2) A''+1 5 + 2 

C=landD=-l so that 
7(5): ^ ^ 


5+1 5+2 


y(t) = (e-^-e-^yi(t) 
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Chapter 15, Problem 48. 


Find/(í) using convolution given that: 


(a) 7 ^( 5 ) 


4 

(í' +24'+ 5 )" 


(b) Fis) 


2s 

[s + 1)(a’^ + 4 ) 
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Chapter 15, Solution 48. 

2 2 

(a) Let G(s) = ^^- - 

s'+2s + 5 (s + l)'+2' 

g(t) = e‘ sin(2t) 


F(s) = G(s)G(s) 

f(t) = L-‘[G(s)G(s)]=|g(^)g(t-X) dX 

f (t) = I e"’‘ sin(2X) e"*'sin(2(t - X)) dA, 
sin(A)sin(B) = t[cos(A-B)-cos(A + B)] 
f(t) = L-‘ I e-4 eos(2t) - eos(2(t - 2A.))] dA. 


f (t) = — eos(2t) I e-^*- dA - — | e"^^ eos(2t - 4A) dA 


f (t) = -^ eos(2t) • —— 1 0 - ~ I e"^^ [ eos(2t) eos(4A) + sin(2t) sin(4A)] i 


f(t) = ^ e-‘ cos(2t) (-e-'‘ +1) - y cos(2t) | e"'*- eos(4A) dA 


e 

sin 

2 


(2t) I sin(4À) dA. 


f (t) = — e'^ cos(2t) (1 - e'^‘) 


2^os( 4A.) - 4 sin(4A.))j| ^ 
2sm(4A.) + 4 cos(4A.))j [, 


e't e’^* e‘ 

f (t) = — cos(2t) - —- cos(2t) -cos(2t) + cos(2t) cos(4t) 

e '^^ e ^ 

+ —cos(2t)sin(4t) + —sin(2t) 

e"‘ e"‘ 

+ —sin(2t)sin(4t) - — sin(2t)cos(4t) 

AU 
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s 


(b) Let X(s) = - 
s 

x(t) = 2e-‘u(t), 
F(s) = X(s)Y(s) 


Y(s) = ^ 
s + 4 

y(t) = cos(2t)u(t) 


f (t) = L-‘ [ X(s) Y(s)] = fy(X) x(t - X) dÀ 
f(t)= I cos(2A,)-2e-“^'-> dX 
f (t) = 2 e-‘ • (cos(2X) + 2 sin(2A))| ‘ 

f (t) = J e-‘ [ e' (cos(2t) + 2 sin(2t) -1) ] 

2 4 2 

f(t) = —cos(2t) + —sin(2t)-—e"' 
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Chapter 15, Problem 49. 


* Use the convolution integral to fìnd: 

(a) 

(b) cos(t)*cos(t)w(/) 


* An asterísk indicates a challenging problem. 


Chapter 15, Solutìon 49. 

(a) t*e“'u(t) = 
J^e“^(t-X)dA. = i 


aÀ 


-^(aX-l)l 
a 


a 


1 


at 


= -(e"‘-l)- —- —(at-l) 
a a 


î î 

(b) cost*cosrw(t) = jcos.lcos(r-l)<il = j{cos/cosylcos>^ + sintsin.lcosl}<i>^ 
0 0 


1 J / 


1 sìnlÀ^ 

t . cos À 

t 

cos/ f—[l + cos2/^]J/^ + sin/ f cos(-cos2) 

= 

— cos/[/L +-] 

-smt - 


J 9 J 

0 ^ 0 


2 2 

0 2 

0 


= 0.5cos(t)(t+0.5sin(2t)) - 0.5sin(t)(cos(t) - 1) . 
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Chapter 15, Problem 50. 

Use the Laplaee ti'ansfonn to solve the differential equation 

d^vit) _ dvit) ,^ \ ^ 

-^ + 2—^ + 10v(n = 3 eos 2t 

dt^ dt ^ ^ 

subject to v(o) = 1, Jv(o)/ dt --2. 

Chapter 15, Solutìon 50. 

Take the Laplace tiansfoiTn of each teiTn. 

[ s" V(s) - s v(0) - v'(0)] + 2 [ s V(s) - v(0)] +10 V(s) = 


s^ +4 


s"V(s)-s + 2 + 2sV(s)-2 + 10V(s) = ^ 


3s 

s^ +4 


(s^+2s + 10)V(s) = s + ^—= — 


3s s^+7s 
s^+4 s^+4 


s ^ + 7s As + B Cs + D 

Vts^ =-=-+- 

(s^+4)(s^+ 2s + 10) s^+4 s^+2s + 10 


s^+7s = A(s^ +2s"+10s) + B(s'+2s + 10) + C(s^+4s) + D(s' +4) 

Equating coefficients : 

sV 1 = A + C -> C = l-A 

s‘: 0=2A + B + D 

s‘: 7 = 10A + 2B + 4C = 6A + 2B + 4 


s": 0 = 10B + 4D - 

Solving these equations yields 


D = -2.5B 


9 12 17 

16’ ^“ 26’ ^“ 26’ 


V(s) = 
V(s) = 


1 

'9s + 12 

26 

_s^+4 s' 

1 

9s 

2 . + 6 • 
Ls +4 

26 


1 r 9 s ^ 2 s + 1 47 " 

■> “^6‘, +17’ , , — , , 

26Ls +4 s +4 (s + 1) +3 (s + 1) +3 . 


■*■ * cos(3t)- ‘ siní3t) 
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Chapter 15, Problem 51. 


Given that v(o) = 2 and dv{^)ldt = 4, solve 

d^v .dv ^ -/ / \ 

—;- + 5— + 6v = 10é^ ii(t) 
dt^ dt ^ ^ 


Chapter 15, Solution 51. 

Taking the Laplace transfonn of the differential equation yields 


s ^ V (s) - sv(0) - v’ (0) 


■5[sV(s)-v(0)]]+6V(s) = 


10 


s + 1 


or Is^ + 


5s + 6)v(s)-2s-4-10 = — -> V(s) = 

^ s + 1 


2s^ +16S + 24 


Let V(s) = —+ -^ + -^. 

s + 1 s + 2 s + 3' 


(s + l)(s + 2)(s + 3) 
A = 5, B = 0, C = -3 


Henee, 


v(t) = (5e * -3e ^^)u(t) 
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Chapter 15, Problem 52. 


Use the Laplace ti'ansfoiTn to fìnd i{t) for t > 0 if 


d^i di 
dt^ dt 


+ 2 / + — 0 , 


/(o)=0, /’(o) = 3 


Chapter 15, Solution 52. 

Take the Laplace ti'ansfonn of each teiTn. 

[ s' I(s) - s i(0) - i'(0)] + 3 [ s I(s) - i(0)] + 21(s) + 1 = 0 

(s"+3s + 2)I(s)-s-3-3 + l = 0 

s + 5 A B 

(s + l)(s + 2) s + 1 s + 2 

B = -3 

4 3 

s+1 s+2 

i(t) = (4e-‘ -3e-'')u(t) 


I(s) = 
A = 4 
I(s) = 
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Chapter 15, Problem 53. 


* Use Laplace tiansfonns to solve for x(t) in 

t 

x{t)= cos/ + I e^~‘x{À) dX 
{) 


* An asterisk indicates a challenging problem. 


Chapter 15, Solution 53. 

Transfoim each teim. 

We begin by noting that the integral teiTn can be rewiitten as, 


J^x(A.)e which is convolution and can be wiitten as e ^*x(t). 


Now, transfoiTning each teim produces, 

's + l-l 


X(s)=^ + -^X(s)^ 
^ ■ 1 s + 1 


X(S): 


s + 
s + 1 


s + 1 


X(s) 


s 1 

- + - 


s ^+1 s ^+1 s ^+1 


s 

+1 


x(t) = cos(t) + sinít) . 

If partial fraction expansion is used we obtain, 

x(t) = 1.4141cos(t-45°) . 

This is the same answer and can be proven by using trigonometiic identities. 
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Chapter 15, Problem 54. 


Using the Laplace transfoiTn, solve the following differential equation for 

d^i ,di ^ _2i 

dt dt 

Subject to i{o) = 0,r(o) = 2. 


Chapter 15, Solution 54. 

Taking the Laplace transfonn of each teiTn gives 

[s"/(a') - «(0) - i '(0)] + 4[a'/(ì') - í(0)] + 51 (s) = 
[i'"/(5)-0-2] + 4[5/(i')-0] + 5/(i') = -^ 

J/ \/ 2 A /r\ ^ ^ 2^ + 6 

I + T.s' + 5) =-h 2 =- 

5+2 5+2 

25 + 6 A BsC 

=^+ ^- 

(5 + 2)(5 +45 + 5) 5 + 2 5 +45 + 5 

25 + 6 = A(5^ + 45 + 5) + 5 ( 5 ^ + 25 ) +C(5 + 2) 

We equate the coefficients. 

s^: 0=A+B 
s: 2= 4A + 2B + C 
constant: 6 = 5A + 2C 

Solving these gives 

A = 2,B=-2, C = -2 

, 2 25 + 2 2 2(5 + 2) 2 

/( 5 ) —- - -—- - -1- - — 

5 + 2 5 +45 + 5 5 + 2 (5 + 2 ) +1 (5 + 2 ) +1 

Taking the inverse Laplace transfoiTn leads to: 

i(t) = {2e~^^ -2e~^^ cost-\-2e~^^ sìnt)u(t) = 2é^~^^(l-cost + siní)w(/) 
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Chapter 15, Problem 55. 


Solve for >^(/) in the following differential equation if the initial conditions are zero. 

d^y ^dy . 

-1—h 6- - —h 8 éí COS 2í 

dt dt dt 


Chapter 15, Solution 55. 

Take the Laplace ti'ansfomi of each teiTn. 

[s^ Y(s)-s^ y(0)-sy'(0)-y"(0)] + 6[s^ Y(s)-sy(0)-y'(0)] 

+ 8 [ s Y(s) - y(0)] =- 

^ (s + l)'+2' 


Setting the initial eonditions to zero gives 


(s' +6s' +8s)Y(s) = — 


s + 2s + 5 


(s + l) A B C Ds + E 

Yts^ =-= — +-+-+- 

s(s + 2)(s + 4)(s^+2s + 5) s s + 2 s + 4 s^+2s + 5 


1 -3 

B = —, C =-. 

20 104 


-7 

^”65 


_J_ 1 J_J_ l_ J_ 3s + 7 

'^*'®^“40’s’^20’s + 2~104’s + 4~65’(s + l)'+2' 


_J_ 1 J_ ì_ J_1_ J_ 3(s + l) J_ 4 

40’s’^20’s + 2~104’s + 4~65’(s + l)^+2^ ~ 65 ’ (s + 1)^+2^ 
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Chapter 15, Problem 56. 


Solve for v(/) in the integrodifferential equation 

4—+ 12Í' vdt = 0 
dt 

Given that v(o) = 2. 


Chapter 15, Solution 56. 

Taking the Laplaee transfoiTn of each tenn we get: 
4[sV(s)-v(0)] + —V(s) = 0 


4s + - 


12 


s J 


V(s) = 8 


V(s) = 


8 s 2s 


4s^+12 s^+3 


v(t) = 2cos( V3t) 
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Chapter 15, Problem 57. 


Solve the following integrodifferential equation using the Laplaee tiansfoiTn method: 


Chapter 15, Solution 57. 

Take the Laplace h'ansfoim of each teiTn. 

[sY(s)-y(0)] + -Y(s) = 


s^ +4 


s^ +9 

s J 


Y(s) = l + 


s^ +S + 4 


s^+4 s^ + 4 


s^+s^+4s As + B Cs + D 
(s^+4)(s^ + 9) s^+4'''s^+9 

s^ +s^ + 4s = A(s^ +9s) + B(s^ +9) + C(s^ +4s) + D(s^ +4) 

Equating coefficients : 


s«: 

0=9B+4D 

s‘: 

4 = 9A + 4C 

s^: 

1 = B + D 

s^: 

1 = A + C 


Solving these equations gives 

A = 0, B = -4/5, C = l, D = 9/5 

-4/5 s + 9/5 -4/5 s 9/5 

^^®^-s^+4^ s^+9 ”s^+4^s^+9'^sU9 


y(t) = - 0.4sín(2t) + cos(3t) + 0.6sin(3t) 
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Chapter 15, Problem 58. 


Given that 

^ + 2v + 5 v(Â)dÂ = 4u(t) 

with v(o) = -1, deteiTnine v(t) for / > 0. 


Chapter 15, Solution 58. 


We take the Laplace h'ansfoim of each teiTn. 

[5V(6-)-v(0)] + 2V(í) + -V(í) = - 

bV(6-)+i]+2y(í)+-v(í) = - — > v(5)= 

s s s +2s + 5 


(S + ++ 2 ' (S + + + 2 ' '^2(s + iy + 2^ 

v(/) = (-e~' cos 2t + 2.5e~‘ sin 2t)u(t) 
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Chapter 15, Problem 59. 


Solve the integrodifferential equation 
^ + 4j + 3|^ ydt = 6e~^\ }^(o)=-l 


Chapter 15, Solution 59. 

Take the Laplace tiansfomi of each temi of the integrodifferential equation. 

[ s Y(s) - y(0)] + 4 Y(s) + - Y(s) = 

s s + 2 

f 6 ^ 

(s'+4s + 3)Y(s) = s[^^-l^ 


Y(s) = 


s(4-s) 

(s + 2)(s"+4s + 3) 


(4-s)s 

(s + l)(s + 2)(s + 3) 


Y(s) = 


A B C 
s+1 s+2 s+3 


A = -2.5, B=12, C = -10.5 


Y(s) = 


-2.5 
s + 1 


12 

+- 

s + 2 


10.5 
s + 3 


y(t) = -2.5e~‘ + 12e~^*-10.5e'^* 
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Chapter 15, Problem 60. 

Solve the following integrodifferential equation 


2 — + 5x + 3 f X dt + A- ún At, 


c(0) = l 


Chapter 15, Solution 60. 

Take the Laplaee ti'ansfonn of eaeh teiTn of the integrodifferential equation. 

2 [ s X(s) - x(0)] + 5 X(s) + -X(s) + - = ^4— 

s s s +16 


(2s'+5s + 3)X(s) = 2s-4 + — 


4s 2s'-4s'+36s-64 


s" +16 


s" +16 


2s^-4s"+36s-64 s"-2s"+18s-32 
(2s" + 5s + 3)(s' +16) “ (s + l)(s +1.5)(s" +16) 


A B Cs + D 

X(s) =-+-+ -^- 

s + 1 s + 1.5 s^ +16 


A = (s + l)X(s)|,,.i =-6.235 
B = (s + 1.5)X(s)|,^.,, = 7.329 


When s = 0, 


-32 B D 

-= A + — + — 

(1.5)(16) 1.5 16 


D = 0.2579 


s^-2s^ + 18s-32 = A(s^+1.5s^ + 16s + 24) + B(s^ + s'+16s + 16) 
+ C(s^ + 2.5s" +1.5s) + D (s' + 2.5s + 1.5) 

Equating coeffíeients ofthe s^ terms, 

1 = A + B + C -> C = -0.0935 


-6.235 7.329 -0.0935s +0.2579 

X(s) =-+-+-;- 

s + 1 s + 1.5 s^ +16 


x(t)= -6.235e ‘ +7.329e ‘'‘ -0.0935cos(4t) +0.0645sin(4t) 
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Chapter 16, Problem 1. 


Determine i{t) in the circuit of Fig. 16.35 by means of the Laplace transform. 


1 £ì iit) 



I H 


Figure 16.35 
ForProb. 16.1. 


Chapter 16, Solution 1. 

Consider the s-domain form of the circuit which is shown below. 


I(s) 



I(s) = 


1/s 


1 + s + l/s s^+s + 1 (s + 1/2)"+(V3/2)' 


i(t) = sin 

s 




y 


i(t) = 1.155 e “®‘ sin(0.866t) A 
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Chapter 16, Problem 2. 


Find in the circuit shown in Fig. 16.36 given v^ .= 4u(t)W. 


Vy 




4Q 


Figure 16.36 
ForProb. 16.2. 
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Chapter 16 , Solution 2. 


8/s 



Vv-0 Vv-0 


S I ^ 


s 2 ^_|_8 


Vx (4s + 8) - +{2s^+ 4s)Vx + s^Vx = 0 


(3s + 8s + 8) — 


16S + 32 


Vx = 


-16- 


s + 2 


s(3s + 8s + 8) 


= -16 


0.25 -0.125 

-^- 'r~^ 

s 4 . VS 

s + —+ 1 — 

3 3 


-0.125 


4 .^/8 

S H-J- 

33 ; 


V = (_4 + 2e-f*'3333+j0-9428)t _^2e-fl-3333-j0.9428)t^y^^^y 


Vx= 4u(t)-e-'^‘^3£.Qd 


V 2 


V ^ 7 


V ^ 7 
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Chapter 16, Problem 3. 


Find i{t) for t>0 for the circuit in Fig. 16.37. Assume = 4u{t) -\-2S {t)mA. (Hint: Can 
we use superposition to help solve this problem?) 



Figure 16.37 
ForProb. 16.3. 
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Chapter 16, Solution 3. 


In the s-domain, the circuit becomes that shown below. 

1 


- + 2 

S 



0 .2s 


We transform the current source to a voltage source and obtain the circuit shown below. 



8 


+ 4 


, ç 20í + 40 A B 

1 = ^ -=- = — + - 

3 + 0.25" 5'(5' + 15) 5 5 + 15 


15 3 

, 8/3 52/3 

I = -+- 

5 5 + 15 


-15.r20 + 40 
-15 


i{t) = 


8 52 

- +—e 
3 3 


u(t) 


3 
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Chapter 16, Problem 4. 


The capacitor in the circuit of Fig. 16.38 is initially uncharged. Find v (î) for t > 0. 



Figure 16.38 
ForProb. 16.4. 


Chapter 16, Solution 4. 

The circuit in the s-domain is shown below. 



7 + 4/ 
But 7 


i/í 

2 


> 5/ = .V„ 


5 


2 




■» 


V = 


12.5 

i' + 5/2 


vjt) = l2.5e~^^’ V 
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Chapter 16, Problem 5. 

If (t) = euit) A in the circuit shown in Fig. 16.39, find the value of iç^it). 

ÌoU') 

- 0.5 F 


Figure 16.39 
ForProb. 16.5. 



Chapter 16, Solution 5. 



1 

f f 

1 

- 1 1 

^ 2s " 

2s 

s + 2 

1 1 s 

- + —+ - 

U 2 2J 

S + 2 I 

^s^ + s + 2> 

~ (s + 2)(s + 0.5 + jl.3229)(s + 0.5 - jl .3229) 


2 (s + 2)(s + 0.5 + jl.3229)(s + 0.5 - jl.3229) 

(-0.5-jl.3229)^ (-0.5+ jl .3229)^ 

1 ^ (1.5-jl.3229)(-j2.646) ^ (1.5 + jl.3229)(+j2.646) 

s + 2 s + 0.5+ jl.3229 s+ 0.5 - jl.3229 

io (t) = (e~^^ +0.3779e~^^°e~^^^e~-i^'^^^^^ +0.3779e‘^^°e~^''^ej^-^^^'^^)u(t) A 


or 



- 0.7559 sinl.3229t 



or io(t) = 


,-2t 


V7 


sin 


V7. 


u(t)A 


yj 
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Chapter 16, Problem 6. 


Find v(r), r > 0 in the circuit of Fig. 16.40. Let v ^ = 20 V. 


í = 0 



Figure 16.40 
ForProb. 16.6. 


Chapter 16, Solution 6. 

For t<0, v(0) = Vs = 20V 

For t>0, the circuit in the s-domain is as shown below. 


I 



100mF=0.1F -> 



Í0 + W S + 1 
/ s 


y = 10/ = 


20 
i' +1 


J_ 

sC 


i' 


v{t) = 20e ‘u{t) 
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Chapter 16, Problem 7. 


Find V 0 (0, for all r > 0, in the circuit of Fig. 16.41. 

I Í2 1 O 



Figure 16.41 

ForProb. 16.7. 
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Chapter 16, Solution 7. 

The circuit in the s-domain is shown below. Please note, Ìl(0) = 0 and Vo(0) = o because 
both sources were equal to zero for all t<0. 


1 1 



At node 1 

2ls-V, _V, V,-V^ 

1 5 1 

At node O, 

V -V \ V s 

1 Hs 2 ” 

Substituting (2) into (1) gives 

2/s = (2 +1/s)(l + sl2)V„ --{2 + -)-V„ 

s s 


-+ - = V,{2 + \ls)-V„ 

s 


-+ V^={\ + sl2)V„-\l s 


(45 + 1) 

5(5"+1.5s + 1) 


Á Bs + C 
—I—^—-- 

■S s +1.55 + 1 


(1) 

( 2 ) 


45 + 1 — A(5^ +1.55 +1) + Bs^ + C 5 
We equate coefficients. 
s^ ; 0 = A+ B or B = - A 

s: 4=1.5A + C 

constant: 1=A, B=-l, C = 4-1.5A = 2.5 


v=C---2.5 


5 +1.55 + 1 


5+3/4 


(5 + 3 / 4)^ + 






+ - 


3.25 Vv 

—^x - 

^ 4 

4_ 


(5 + 3/4)V 


y ^ j 


v{t) = u{t)-e cos 


V7 

4 


í + 4.9135í;^^"'' sin 
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Chapter 16, Problem 8. 


If V (0) = -1 V,obtain v (t) in the circuit of Fig. 16.42. 


1 O 1 Í2 


3«(/) 





Figure 16.42 

ForProb. 16.8. 
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Chapter 16, Solution 8. 



We analyze the circuit in the s-domain as shown below. We apply nodal analysis. 
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Chapter 16, Problem 9. 

Find the input impedance Z (>!>) of each of the circuits in Fig. 16.43. 

1 Q 



(a) 


(b) 


Figure 16.43 
ForProb. 16.9. 


Chapter 16, Solution 9. 


(a) The s-domain form of the circuit is shown in Fig. (a). 

2 (s-hl/s) 2(s^+l) 


Zj, =2ll(s + l/s) = 


2 + s + l/s s^+2s + l 



(a) 



(b) The s-domain equivalent circuit is shown in Fig. (b). 

, 2(l + 2/s) 2(s + 2) 

2 ll(l + 2/s): ' / " 


1 + 211 (l + 2/s) = 


3 + 2/s 
5s + 6 


3s + 2 


3s + 2 


Z„ 


5s + 6 
3s + 2 


5s + 6 
3s + 2 


s + 


5s + 6 
3s + 2 


s(5s + 6) 
3s ^ + 7s + 6 
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Chapter 16, Problem 10. 


Use Thevenin's theorem to determine v (t), r > 0 in the circuit of Fig. 16.44. 

lO IH 



Figure 16.44 
ForProb. 16.10. 


Chapter 16, Solution 10. 


iH 

-> ìs 

and Ìl(0) = 0 (the sources is zero for all t<0). 

^-F 

1 

4 

= — and Vc(0) = 0 (again, there are no source 

4 

^ sC 


contributions for all t<0). 


To find Zxh , consider the circuit below. 

1 s 



Z,,=l//(.^ + 2): 


i'' + 2 

+ 3 
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To find Vxh, consider the circuit below. 


1 



y ^ ^+2 10 ^ 10 

5' + 3 i’’ + 2 5" + 3 

The Thevenin equivalent circuit is shown below 

Zxh 



vAt) = 23.094e-^‘ únSt 
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Chapter 16, Problem 11. 


Solve for the mesh currents in the circuit of Fig. 16.45. You may leave your results in the 
i^-domain. 


1 Q 4Q 



Figure 16.45 
ForProb. 16.11. 
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Chapter 16, Solution 11. 

In the s-domain, the circuit is as shown below. 


1 Q 4 



10 s 1 

— + “ 7'*4 

4’ 4 4 

--sl.+L{4+-s) = 0 
4 ‘ " 4 


In matrix form, 





1 


'io' 


1+- 



— 


4 

~4^ 

A 

0 


1 

-4’ 

4 + ^4 

J2. 



L 4 

4 J 





12 9 , 

-s -I-— s + 4 
4 4 

m ì_ 

s 4' 


0 


l + ^ 


1 

-4’ 

4 


4 + Ì4- 
4 

4' 

0 


40 50 

— + — 

4- 4 


5 

2 


Il = 


40 25 

— + — 

s 2 


50S + 160 


A 0.25s^+2.25S + 4 s(s^+9s + 16) 


( 1 ) 

( 2 ) 


I _ ^2 _ 2.5 _ 10 

A 0.25s ^ + 2.25s + 4 s^ +9s + 16 
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Chapter 16, Problem 12. 


Find v^(t) in the circuit of Fig. 16.46. 


1 H 


IOí’-'m(í) V 





3w(í) A 


Figure 16.46 
ForProb. 16.12. 
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Chapter 16, Solution 12. 

We apply nodal analysis to the s-domain form of the circuit below. 


10/(s + 1) 



— -^ + - = ^ + 2sV„ 

s s 4 

, 10 

(l + 0.25s + s^)V„ =—7 + 15 = 


10 + 15S + 15 
s + 1 


15S + 25 A Bs + C 

V =-=- -I-- 

(s + l)(s^ + 0.25s + 1) s + 1 s^ + 0.25s +1 


A = (s + l)Vj,^,=y 

15s + 25 = A(s"+0.25s + l) + B(s" + s) + C(s + l) 

Equating coefficients : 

s^ 0=A + B -> B = -A 

s’: 15 = 0.25A + B + C = -0.75A + C 

s": 25 = A + C 

A = 40/7, B = -40/7, C = 135/7 


40 ^ 135 

y + ^ 40 1 40 ^“^2 Í 155 y 

'^““s + l^/ lY 3“7 s + 1“7/ iV 3^17 '73. 
s + - +— s + - +- 

V 2/ 4 V 2/ 4 


1 ì 3 
s + - +- 

2J 4 


... 40 , 40 (155)(2) ,,, . fV3^1 

“ 7 7 U j (7)(V3) U J 

vjt) = 5.714 e ' -5.714 e '4 cos(0.866t) +25.57e '4 sin(0.866t) V 
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Chapter 16, Problem 13. 

Determine in the circuit of Fig. 16.47. 


1 F 2H 



Figure 16.47 
ForProb. 16.13. 


Chapter 16, Solution 13. 

Consider the following circuit. 



Applying KCL at node o, 

1 V. V 


s + 1 


- + - 


s + 2 2s + 1 2 + 1/s 2s + 1 

2s + l 

^^“(s + l)(s + 2) 




A B 
- + • 


“ 2s + l (s + l)(s + 2) s + 1 s + 2 
A = l, B = -l 

1 1 

L = 


° s+1 s+2 

i„(t) = (e-'-e-^‘)u(t)A 
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Chapter 16, Problem 14. 


Determine i^(t) in the network shown in Fig. 16.48. 


1 n 

— vwv- 


4Í2 

— 


5-h10«(0V Q 


2H 




Figure 16.48 
ForProb. 16.14. 


* An asterish indicates a challenging problem. 

Chapter 16, Solution 14. 

We first find the initial conditions from the circuit in Fig. (a). 


IQ 4Q 



i„(0-) = 5A, v,(0-) = 0V 

We now incorporate these conditions in the s-domain circuit as shown in Fig.(b). 



(b) 
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At node o, 

V-15/s V, 5 V-0 

1 2s s 4 + 4/s 

15 5 r 1 s 1 

~ — 1 + + V 

s s V 2s 4(s + l)j 

10 4s^ + 4s + 2s + 2 + s^ 5s^+6s + 2 

— =-V =-V 

s 4s(s + l) '' 4s(s + l) 


4Q(s + l) 
5s^ + 6s + 2 


" ^s'^s s(sVl.2s + 0.4)'^s 

5 A Bs + C 
s s s^ +1.2S + 0.4 


4(s + l) = A(s^+1.2s + 0.4) + Bs-' +Cs 


Equating coeffïcients : 

s"; 4 = 0.4A - 

s’: 4 = 1.2A + C - 

s^: 0=A + B — 


A = 10 

-+ C = -1.2A + 4 = -8 
B = -A = -10 


5 m lOs + 8 

" s '*' s s^ +1.2S + 0.4 

10(s + 0.6) 10(0.2) 

s ~(s + 0.6)"+0.2" ~(s + 0.6)"+0.2" 


i^(t)= 15-10e "‘’‘(cos(0.2t)-sin(0.2t))] u(t) A 
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Chapter 16, Problem 15. 

Find y ^ (s) in the circuit shown in Fig. 16.49. 



Q 5e-^-ni{t)Y 


Figure 16.49 

ForProb. 16.15. 


Chapter 16, Solutíon 15. 

First we need to transform the circuit into the s-domain. 


s/4 10 



s/4 5/s 10 


40Vo - 120Vx + 2s^Vo + sVo —^ = 0 = (2s^ + s + 40)V^ - 120Vx —^ 

s + 2 s + 2 


But, V,, =Vo-- 


s + 2 

We can now solve for V^. 

(2s 2 +s + 40)[ Vx + 


^ v„ = v. +- 


s + 2 


s + 2 


2(s^ +0.5s-40)Vx 


-10 


-120V, 


(s^+20) 
s + 2 


5s 

s + 2 


= 0 


Vx=-5 


(s^ +20) 

(s + 2)(s^ +0.5S-40) 
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Chapter 16, Problem 16. 


* Find i (t) for í > 0 in the circuit of Fig. 16.50. 


2Q 


— vwv 


I 


wwv - 

1 Q 



1 F 


'«(í) V © 


© 3«{-í) V 


Figure 16.50 
ForProb. 16.16. 


* An asterisk indicates a challcnging problcm. 
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Chapter 16, Solution 16. 


We íïrst need to íïnd the initial conditions. For t < 0, the circuit is shown in Fig. (a). 

2Q + _ 

3V 

(a) 

To dc, the capacitor acts like an open circuit and the inductor acts like a short circuit. 
Hence, 

ÌL(0) = io=y = -lA, V„ = -1V 

v,(0) = -(2)(-l)-(^yj = 2.5V 

We now incorporate the initial conditions for t > 0 as shown in Fig. (b). 
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But, V = T = I 


'o - - ‘-1 

l'l fl l'l 5 2.5 

2 + - !,+ --- !,=-- — 

sy V2 sy s + 2 s 


For mesh 2, 


11 V, 2.5 

1 + S + - L--L+1- —--= 0 

sy* ^ s ‘ 2 s 

\ (\ \) 2.5 


Put (1) and (2) in matrix form. 

r 1 1 1 1- n 

2 + - --- Ii 

s 2 s 

li 1 i T 

+ S+ LI 2 J 

L s 2 sJ 


ri/ 


5 2.5' 



s + 2 s 



2.5 

L^2- 


— -1 
- s J 


A — 2s + 2 + , 
s 


A 2 — -2 + + 

s s (s + 2) 


Io=l2= 


■2s^ +13 


A Bs + C 

-+ —;- 


“ " A (s + 2)(2s"+2s + 3) s + 2 2s" + 2s + 3 

-2s" +13 = A(2s^+2s + 3) + B(s^ + 2s) + C(s + 2) 


Equating coefficients : 
s": -2 = 2A + B 

s’: 0=2A + 2B + C 

s": 13 = 3A + 2C 

Solving these equations leads to 
A = 0.7143, B = -3.429, C = 5.429 


0.7143 3.429S-5.429 0.7143 1.7145s-2.714 

s + 2 2s^ + 2s + 3 s + 2 s^+s + 1.5 

0.7143 1.7145(s + 0.5) (3.194)(Vl^) 

s + 2 ~(s + 0.5)^+1.25 "^(^ + 0.5)^+1.25 

i^(t) = [0.7143 -1.7145 e ""' cos(1.25t) +3.194e ""' sin(1.25t)]u(t) A 
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Chapter 16, Problem 17. 


Calculate i (t) for t > 0 in the network of Fig. 16.51. 


2e-ki(t) V 



Figure 16.51 
ForProb. 16.17. 


Chapter 16, Solution 17. 


We apply mesh analysis to the s-domain form of the circuit as shown below. 


2/(s+l) 



For mesh 3, 


2 

s + 1 


f 1] 

+ s + L 

V sy 


--I. -sL = 0 
s 


( 1 ) 


For the supermesh, 


i+- 

sy 


+(1 + S)l2 “ +S 


1 


I3 =0 


( 2 ) 
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Adding (1) and (2) we get, Ii + I 2 = -2/(s+l) 


(3) 


But -Ii + I 2 = 4/s 

Adding (3) and (4) we get, I 2 = (2/s) - l/(s+l) 
Substituting (5) into (4) yields, Ii = -(2/s) - (l/(s+l)) 
Substituting (5) and (6) into (1) we get, 

\ 

2 


2 1 ^ s 

—— H-2 H-h 

s(s + l) S + 1 




=- 


s + 1 


2 ^ 1.5-0.5j ^ 1.5 + 0.5j 
s s+j s-j 


(4) 

(5) 

( 6 ) 


Substitutíng (3) into (1) and (2) leads to 


- S + - + S + - I:! — 


í\ 2(-s^+2s + 2) 



T f 

2 + S + - 

I 2 — s + - 

l sj 

1 V sj 


s^(s + l) 
4(s +1) 


We can now solve for lo. 


(4) 

(5) 


lo = I 2 -13 = (4/s) - (l/(s+l)) + ((-1.5+0.5j)/(s+j)) + ((-1.5-0.5)/(s-j)) 


or 

io(t) = [4 - e * + 1.581 + l.SSllçj* 


This is a challenging problem. I did check it with using a Thevenin equivalent circuit and 
got the same exact answer. 
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Chapter 16, Problem 18. 

(a) Find the Laplace transform of the voltage shown in Fig. 16.52(a). (b) Using that value 
of V ^ (t) in the circuit shown in Fig. 16.52(b), find the value of v ^ (t). 

V,(í) M 

3V - 


0 1 s t 

(a) 

1 n 


- TÌRP - 


— 



-1- 1 



v„(/) 1 


1 


(b) 


Figure 16.52 
ForProb. 16.18. 


Chapter 16, Solution 18. 

Vs(t) = 3u(t) - 3u(t-l) or Vs =-= -(1 - e ^) 

s s s 


IQ 



V -V V 

^-p^ + sVo+Ý = 0^(s + 1.5)Vo =V, 


V. =-^-(l-e-^) = í--?_|(l-e-^) 


s(s + 1.5) 


s s + 1.5 


Vo (t) = [(2 - )u(t) - (2 - - 1)] V 
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Chapter 16, Problem 19. 


In the circuit of Fig. 16.53, let /(0) = 1 A, v (0) and v ^ = 4e ii{t) V. Find v ^ (0 for t > 0. 


2/ 



+ 


1 F 


Figure 16.53 
ForProb. 16.19. 
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Chapter 16, Solution 19. 


We incorporate the initial conditions in the s-dornain circuit as shown below. 


4/(s + 2) 


At the supernode, 

(4/(s + 2))-Vi 
2 

2 _ Í1 



+ 2 = ^ + - + sVo 
s s 


2 11 

-+ 2= - + - V, 

s + 2 V2 sJ ' 


V„=V,+21 and 1 = 
2(V +1) 

V„=V,+^^ — 


_ Vo-2/s _ sV,-: 
' (s + 2)/s s + 2 


Substituting (2) into (1) 

2 ^ 1 /s + 2 

-+ 2 — = - 

s + 2 s l 2s 


2 s J ls + 2 


2 .11(11 

s + 2 ss Lv2j J 

2s + 4 + 2 2s + 6 /.\Tr 

- = - = (s + l/2)Vo 

(s + 2) s + 2 ° 

^ 2s + 6 A ^ B 

° ~ (s + 2)(s + l/2) ~ s + 1/2 s + 2 


= (s + l/2)Vo 


A = (-1 + 6) /(-0.5 + 2) = 3.333, B = (-4 + 6)/(-2 +1 /2) = -1.3333 
3.333 1.3333 


s + 1/2 s + 2 


Therefore, 


v,, (t) = 13.333e~*^^ - 1.3333e~^*lu(tl V 
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Chapter 16, Problem 20. 


Find V (t) in the circuit of Fig. 16.54 if v ^ (0) = 2 V and /(0) = 1A. 



Figure 16.54 
ForProb. 16.20. 
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Chapter 16, Solution 20. 


We incorporate the initial conditions and transform the current source to a voltage source 
as shown. 



At the main non-reference node, KCL gives 
l/(s + l)-2/s-V, _ V, 

1 -1- 1/s 1 s s 

^-2 -sVo-(s + l)(l + l/s)Vo+ — 
s-hI s 

S S -|- 1 

— ---2 = (2s + 2 + l/s)V„ 

s -I-1 s 

-2s^ -4s-l 

~ (s + l)(2 s^+2 s + l) 

- s — 2s — 0.5 A Bs + C 

V =-=-+- 

° (s + l)(s^+S + 0.5) s + 1 s^+s + 0.5 

A = (s + l)vJ,^, = l 

-s^-2s-0.5 = A(s^+s + 0.5) + B(s^ +s) + C(s + l) 

Equating coefficients : 

s^: -1 = A + B -> B = -2 

s': -2 = A + B + C -> C = -l 

s": -0.5 = 0.5A + C = 0.5-l = -0.5 

1 2s + l 1 2(s + 0.5) 

“ s + l~s"+s + 0.5“ s + l~(s + 0.5)"+(0.5)" 

Vo (t) = [ e'‘ - 2 cos(t/2)] u(t) V 
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Chapter 16, Problem 21. 


Find the voltage in the circuit of Fig. 16.55 by means of the Laplace transform. 



1 F 


Figure 16.55 
ForProb. 16.21. 
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Chapter 16, Solution 21. 


The s-domain version of the circuit is shown below. 

1 s 


10 /s 



Atnode 1, 


1 


+ -Vo 
s 2 " 


10 = (s + l)V,+(—-1)V„ 


( 1 ) 


At node 2, 




V,=V„i- + s^ + l) 


( 2 ) 


Substituting (2) into (1) gives 

,2 

10 = (í + l)(í" +S/2 + 1)V„ + (Y - + 2s + 1.5)V„ 


V„ = 


10 


Á Bs + C 
= - + - 


5(.!í^ + 2.!í +1.5) 5 +25 + 1.5 


10 = A(5^ + 2s + 1.5) + Bs^ + Cs 
5^: 0 = A + fi 

5 : 0 = 2A + C 

constant; 10 = 1.5A — 


V„ = 


20 


5+2 


5 + 25 + 1.5 


-m 

3 


A = 20/3, B = -20/3, C = -40/3 

5 + 1 , ,,, 0.7071 

-1.414 


(5 + 1)" +0.7071" 


(5 + 1)" +0.7071" 


TaMng the inverse Laplace tranform finally yields 


. ^ 20 
v„(t) = y 


l-e“‘cos0.707lt-1.414e“‘ sin0.7071t 


u(t)V 
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Chapter 16, Problem 22. 

Find the node voltages and v ^ in the circuit of Fig. 16.56 using the Laplace transform 
technique. Assume that = Ì2e~^ u(t) A and that all initial conditions are zero. 



Figure 16.56 

ForProb. 16.22. 

Chapter 16, Solution 22. 

The s-domain version of the circuit is shown below. 

4s 



Atnode 1, 


12 Vi^Vi-V2 


s +1 1 4s 


— = Vi|l + 
s + 1 H 4s 


.Zl 

4s 


At node 2, 

Vi-V 2 _V 2 s 


4s 


+ -V 2 

2 3 


> Vi =V 2 l -s^+2s + l 


Substituting (2) into (1), 


12 

s +1 


= V, 


-s^ +2s + l 

3 y 


1 + —)- — 
4s j 4s 


4^7 3 

= 1 -s +-S + - 

3 3 2 


V 2 


V2 = 


A Bs + C 

- + - 


(s + l)(s^ +-S + -) (s^+Zg + ^) 

4 8 ^48 


9 = A(s^ +L + ^) + B(s2 +s) + C(s + 1) 


( 1 ) 

( 2 ) 
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Equating coefficients: 


s 

s: 

constant: 


0 = A + B 

0=-A+B+C=-A+C 
4 4 


9 3 

9=-A+C=-A 
8 8 


^ C 


-+ A = 24, B = -24, C = -18 


V. - 


24S + 18 _ 24 24(s + 7/8) 


24 

(s + 1) .2 7 9 (s + 1) . 7 2 23 7 2 23 

^ ^ (s +-S + -) ^ ^ (s + -) +— (s + -) + — 

4 8 8 64 8 64 


Taking the inverse of this produces: 


V 2 (t) = |2 4e~^ -24e~^-^'^^^ cos(0.5995t) + 5.004e~^-^'^^^ sin(0.5995t) u(t) 


Similarly, 


Vi = 


9[^^s^+2s + l 
(s + l)(s^ +-S + -) (s^+-s + -) 

4 8 4 8 


D Es + F 

- + - 


9| -s^+2s + l 

,3 


= D(s^+^s + ^) + E(s^+s) + F(s + l) 


Equating coefficients: 

.2 . 


s 

s: 

constant: 

Vi 

Thus, 


12 = D + E 

18 = -D + E + For 6 = -D + F 
4 4 


-+ F = 6 --D 
4 


9 = -D + For3=-D -> D = 8 , E = 4, F = 0 

8 8 


8 


4s 


8 4(s + 7/8) 


7/2 


(s + 1) + + 9 (s + 1) (,^7 2^23 (,^7 2^23 

4 8 8 64 8 64 


Vl (t) = | 8 e~^ + 4e~l^'^75t 00 ^( 0 . 59951 ) _ 5.838e~l^'^75t ^,^(0 5995 ^) |^(t) 
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Chapter 16, Problem 23. 


Consider the parallel RLC circuit of Fig. 16.57. Find v(í) and i{t) given that v(0) = 5 and 
/(0) = -2 A. 



Figure 16.57 

ForProb. 16.23. 
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Chapter 16, Solution 23. 


The s-domain form of the circuit with the initial conditions is shown below. 



At the non-reference node, 

4 2 V V 

+ + 5C — + T + sCV 

s s R sL 


6 + 5sC CV 
s s 


s 1 
s^ + + 

RC LC 


v = 


5S + 6/C 


s^ + s/RC + l/LC 


But 


1 


1 


RC 10/80 
5S + 480 


1 1 

= 8 , — = — = 20 


LC 4/80 


5(s + 4) (230)(2) 


s^+8s + 20 (s + 4)^ + 2^ (s + 4)^ + 2^ 


v(t) = (5e’‘^‘ cos(2t) + 230e'"^' sin(2t))u(t) V 


V 5S + 480 
sL 4s (s^ + 8s + 20) 

L25S + 120 A Bs + C 

s(s^+8s + 20) s'''s^+8 s + 20 

A = 6, B = -6, C =-46.75 

^ 6 6 s +46.75 6 6 (s + 4) (11 ■^?^)^^) 

s s^ + 8s + 20 s (s + AÝ + 2^ (s + Af + 2^ 


i(t) = (6- Oe'"^' cos(2t) -11.375 e"^' sin(2t))u(t), t > 0 
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Chapter 16, Problem 24. 


The switch in Fig. 16.58 moves from position 1 to position 2 at / =0. Find v(í), for all t > 

0. 



Figure 16.58 

ForProb. 16.24. 


Chapter 16, Solution 24. 

When the switch is position 1, v(0)=12, and Ìl(0) = 0. When the switch is in position 2, 
we have the circuit as shown below. 



l0mF = 0mF -> _L = M 

sC s 

12/5 _ 48 

~í/4 + 100/í~sV400 ’ 
v(/) = 12cos20í, / >0 


V = sLI=-I = 
4 


I2s 

5 ^ + 400 
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Chapter 16, Problem 25. 


For the RLC circuit shown in Fig. 16.59, find the complete response if v(0) = 2 V when 
the switch is closed. 



Figure 16.59 

ForProb. 16.25. 


Chapter 16, Solution 25. 


For t > 0, the circuit in the s-domain is shown below. 

6 s 


(2s)/(s + 
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Applying KVL, 


-2s 

s^+lô"^ 


+ S + - 



-32 


(s ^ + 6s + 9)(s ^ +16) 


9 2 2 

V--I + --- + 


-288 


S s s S(s + 3)^(s^+16) 


2 A B C Ds + E 

-1-1-1- — H— T - 

s s s + 3 (s + 3)^ s^+16 


-288 = A(s^ +6s^ +25s^ +96s + 144) + B(s"^ +3s^ +16s^ +48s) 
+ C (s^ + 16s) + D (s'* + 6s^ + 9s^) + E (s^ + 6s^ + 9s) 

Equating coefficients : 


s": 

-288 = 144A 

(1) 

s’: 

0 = 96A + 48B + 16C + 9E 

(2) 

s^: 

0 = 25A + 16B + 9D + 6E 

(3) 

s': 

0 = 6A + 3B + C + 6D + E 

(4) 

s": 

0=A+B+D 

(5) 


Solving equations (1), (2), (3), (4) and (5) gives 

A = -2, B = 2.202, C = 3.84, D = -0.202, E = 2.766 

,,, , 2.202 3.84 0.202S (0.6915)(4) 

V(s) =-+-^ 

s + 3 (s + 3)^ s^+16 s^+16 

v(t)= 12.202e + 3.84te~^* - 0.202cosl4tl + 0.6915sinl4tllu(tl V 
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Chapter 16, Problem 26. 


For the op amp circuit in Fig. 16.60, find for t > 0. Take v ^ = 3e u(í) V. 


10 kQ 



Figure 16.60 

ForProb. 16.26. 
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Chapter 16, Solution 26. 

Consider the op-amp circuit below. 



At node 0, 

v,-o_o-v„ 

R, R, 


- + (0-VJsC 


V. = R.--Cl-V. 


V„ sR,C + R,/R2 


Rj “ 10 “ 

Vo_ -1 

V, s + 2 
V. =3e-"' 


R^C^C^OxlO^XSOxlO'')^! 


V, =3/(s + 5) 


-3 

° ” (s + 2)(s + 5) 

3 _^ 

(s + ^^^s + ^^^s + ^'^s + ^ 


A = l, 


B = -l 


“ s+5 s+2 

Xt) = (e-^'-e-^‘)u(t) 
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Chapter 16, Problem 27. 


Find (i’) and (i) in the circuit of Fig. 16.61. 


IH 



Figure 16.61 
ForProb. 16.27. 
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Chapter 16, Solution 27. 


Consider the following circuit. 


s 



For mesh 1, 

10 

— = (l + 2s)I,-I,-sI, 
s + 3 

^ = (l + 2s)I,-(l + s)I, (1) 

For mesh 2, 

0 =( 2 + 2 s)l 2 -l,-sl, 

0 = -(l + s)I,+2(s + l)l 2 (2) 

(1) and (2) in matrix form, 


Ì0/(s + 3)' 


' 2s + l 

-(s + 1)' 

“I.' 

0 


_-(s + l) 

2(s + l)_ 

-I 2 - 


A = 3s^ +4s + l 

. 20(s + l) 

A, =- 

s + 3 

. 10(s + l) 


Thus 

I _A, _ 2Q(s + l) 

A (s + 3)(3s^ + 4s +1) 

A, 1Q(S + 1) I, 

" “ A “ (s + 3)(3s' +4s + l) “ 2 
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Chapter 16, Problem 28. 


For the circuit in Fig. 16.62, find v (0 for t>0. 


6uit) ( + 



Figure 16.62 

ForProb. 16.28. 
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Chapter 16, Solution 28. 


Consider the circuit shown below. 



For mesh 1, 

6 

— (1 + 2s) I| + s F 
s 

For mesh 2, 

0 = s I| + (2 + s) I 2 



( 1 ) 


( 2 ) 


Substituting (2) into (1) gives 


- = -(l+2s) 1 + - 


sy 


I2 + sl^ — 


-(sV5s + 2) 




or L = 


-6 


2 .2 


s +5s + 2 


V =2L = 


-12 


-12 


o “ ^■‘2 — ^2 


s^+5s + 2 (s + 0.438)(s +4.561) 


Since the roots of s^ + 5s + 2 = 0 are -0.438 and -4.561, 
A B 


V = • 


s + 0.438'^s +4.561 


-12 


B = 


■12 


-4.123 


= 2.91 


-2.91 2.91 

V tsl =-+- 

^ s +0.438 s +4.561 

v„(t) = 2.9l[e-‘‘-'’‘'‘ - 6““"’“] u(t) V 
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Chapter 16, Problem 29. 

For the ideal transformer circuit in Fig. 16.63, determine / q(0- 


1 a 



ForProb. 16.29. 

Chapter 16, Solution 29. 

Consider the following circuit. 



Let 


4_ (8)(4/s) _ 8 

s 8 + 4/s 2s + l 


When this is reflected to the primary side, 

Z, 

Z, =1 + ^, n = 2 

n' 

2 2s + 3 
^'""^^2s + l" 2s + l 


10 J_ 2s + l 

■""s + l'Zi^ ”s + l'2s + 3 

lQs + 5 A B 

^ (s + l)(s + 1.5) s + 1 s + 1.5 


A = -10, B = 20 


Io(s) 


-10 20 
+ 

s +1 s +1.5 


i„ (t) = lQ[2e-'-^‘-e-‘]u(t)A 
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Chapter 16, Problem 30. 


The transfer function of a system is 

2 


His} = 


s 


3í + l 


Find the output when the system has an input of 4e u(t). 


Chapter 16, Solution 30. 


Y(s) = H(s)X(s), 


X(s) = 


4 

s +1/3 


12 

3s +1 


Y(s) 

Y(s) 


12 s^ 4 8S + 4/3 
(3s + l)^ " 3"(3s + l)" 

4_8 s 4 1 

3~9’(s + l/3)^ ~27’(s + l/3)^ 


-8 

Let G(s) = y 


s 

(s + 1/3)^ 


Using the time differentíation property, 

g(t) = —. - (t e-'/^ ) = — í-1 e-'/^ + e-'/^ ì 
9 dt ^ ^ 9 V 3 J 

g(t) = —te-‘/^--e‘/^ 
j 2'~j 9 


Hence, 


y(t) 

y(t) 


_ 8 _ 

27 


-u(t) + ^te-'/^--e-'/^-^te-‘/3 


8 

—( 
9 


27 


4 8 4 ,,, 

-u(t)--e‘/^+—te-'/^ 
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Chapter 16, Problem 31. 


When the input to a system is a unit step function, the response is 10 cos 2tii{i). Obtain 
the transfer function of the system. 


Chapter 16, Solution 31. 


x(t) = u(t) -> X(S) = - 

s 

lOs 

y(t) = 10cos(2t) -> Y(s) = ^ 


H(s) = 


Y(s) 

X(s) 


lOs^ 

s' +4 
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Chapter 16, Problem 32. 


A circuit is known to have its transfer function as 


His)^ 


i'' + 3 

+ 5 


Find its output when: 

(a) the input is a unit step function 

(b) the input is 6te u(t). 


Chapter 16, Solution 32. 

(a) Y(s):=H(s)X(s) 


s + 3 1 

s^ +4s + 5 s 

s + 3 A Bs + C 

“ — ô -“ —'— 9 - 

s (s + 4s + 5) s s + 4s + 5 
s + 3 = A (s^ + 4s + 5) + Bs^ + Cs 


Equating coefficients : 

s": 3 = 5A -> A = 3/5 

s': 1 = 4A + C -> C = l-4A = -7/5 

s': 0 = A + B -> B = -A = -3/5 


Y(s) 

Y(s) 


^ i 3 s + 7 
s 5 s^ + 4s + 5 
0.6 ì 3(s + 2) + l 
s “5’(s + 2)'+l 


y(t) = [o.6 - 0.6e‘^‘ cos(t) - 0.2e‘^‘ sm(t)] u(t) 
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Cs + D 


(b) x(t) = 6te-^‘ -> X(s) = --— 

(s + 2) 


Y(s) = H(s)X(s) = 


s + 3 6 

s^ + 4s + 5 (s + 2)^ 


Y(s) 


6(s + 3) 

(s + 2)^(s^ + 4s + 5) 


A B _ 

s + 2 (s + iy s^^ + 4s + 5 


Equating coefficients : 

s': 0 = A + C -> C = -A (1) 

s^ 0 = 6A + B + 4C + D = 2A + B + D (2) 

s': 6 = 13A + 4B + 4C + 4D = 9A + 4B + 4D (3) 

s": 18 = 10A + 5B + 4D = 2A + B (4) 


Solving (1), (2), (3), and (4) gives 
A = 6, B = 6, C = -6, D = -18 


Y(s) = 


6 6 
s + ^'^^s + ^)" 


Y(s) = 


6 

+ 

s + 2 


6 

(s + 2)^ 


6s + 18 
(s + 2)"+l 
6(s + 2) 6 

(s + 2)2+1~(s + 2)2+1 


y(t) = +6te'^‘ - 6e‘^‘ cos(t)- 6e “ sin(t)] u(t) 
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Chapter 16, Problem 33. 


When a unit step is applied to a system at í = 0 its response is 


yit) = 


4 + ^í; -e ^'(2cos4í+ 3sin4í) 


u{t) 


What is the transfer function of the system? 


Chapter 16, Solution 33. 

Y(s) 


H(s)- 


X(s)’ 


4 1 

Y(s)-- + 


X(s)-- 


2s 


(3)(4) 


s ' 2(s + 3) (s + 2)^+16 (s + 2)Vl6 

i 2s(s + 2) 12s 


H(s) = sY(s)= 4 + 


2(s + 3) s^+4s + 20 s2+4s + 20 
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Chapter 16, Problem 34. 


For the circuit in Fig. 16.64, find H(s) = (iO- Assume zero initial conditions. 


2 0 IH 



Figure 16.64 

ForProb. 16.34. 


Chapter 16, Solution 34. 

Consider the following circuit. 



Using nodal analysis, 

V -V V V 

^ S O __0_ o 

s + 2 ” 4 10/s 


(s + 2) 


1 1 s 

s + 2’^4'^10 




V, = ^(2s^+9s + 30)v„ 


Vq _ 20 

V, 2s^+9s + 3Q 
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Chapter 16, Problem 35. 

Obtain the transfer function H(s) = Vç^lV^ for the circuit of Fig. 16.65. 


i 0.5 F 1 H 



Figure 16.65 

ForProb. 16.35. 


Chapter 16, Solution 35. 

Consider the folloxving circuit. 


At node 1, 

2I + I 



3. V.-V, _ V. 

2/s s + 3 


V. 3s 3s 
—^ = —V - — Y 
s+3 2 ^ 2 ' 









3s (s + 3) 
3s'+9s + 2^^ 


V =—V =-V 

s + 3 ^ 3s^+9s + 2 "" 

V, 9s 
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Chapter 16, Problem 36. 


The transfer function of a certain circuit is 


H(s)^ 


+ - 


+ 1 5 + 2 5 + 4 

Find the impulse response of the circuit. 


Chapter 16, Solution 36. 

Taking the inverse Laplace transform of each term gives 
hit) = [5e-‘-3e-^‘ +6e-^‘)u(t) 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manuaf 
vou are using it without permission. 



Chapter 16, Problem 37. 


For the circuit in Fig. 16.66, find: 
(a)/,/V, (b)/,/V, 


3n 2H 



Figure 16.66 

ForProb. 16.37. 


Chapter 16, Solution 37. 

(a) Consider the circuit shown below. 


3 2s 



For loop 1, 


V.=13 + - 
sJ 


2 


For loop 2, 


4V,+|2s + -|l2--l, =0 


2 , 

s 


( 1 ) 


But, V,=(I,-I,)0 

8 ( 2 ^ 2 

So, -(I,-l2)+l2s + -Jl 2 --I, =0 
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In matrix form, (1) and (2) become 


A“_ 

'3 + 2/s -2/s 

ri,i 

_o_' 

-6/s 6/s-2s_ 

LiJ 


A 

A 


2 
3 + 

sy 


6 

--2s 
s 




18 

—-6s-4 
s 


A. 




_A, _ (6/S-2S) 

' A 18/s-4-6s 

I| 3/s-s _ -3 

V, ~9/s-2-3~ 3s^+2s-9 



V,=-(I,-1,) = - 
s s 


2Í A,-A, 


V, = 


2/sV„(6/s-2s-6/s) -4V„ 


I, 6/sV^ -3 

v7~ -4V, ~ ïs" 
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Chapter 16, Problem 38. 


Refer to the network in Fig. 16.67. Find the following transfer functions: 

(a) //,(5) = V„(í)/V,(í) 

(b) //,(5) = nW//.(^-) 

(d)H,(s) = I,(s)/V,(s) 



Figure 16.67 
ForProb. 16.38. 
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Chapter 16, Solution 38. 

(a) Consider the following circuit. 


= sV^ + 


V -V 


v.-v, 

1 




At node o, 

V,-V„ 


= sV„+V„=(s + l)V„ 

5» 

V, =(s^ + s + l)V„ 

Substituting (2) into (1) 

= (s +1 + l/s)(s" + s + 1)V„ - 1/s V„ 

V, =(s' + 2s^+3s + 2)V„ 



+ 


V. 


( 1 ) 


( 2 ) 


H,(s) = ^ = 


1 


V, s"+2s"+3s + 2 


(b) 1, = V, - V, = (s' + 2s^ + 3s + 2)V„ - (s^ + s + 1)V<, 

=(s3 +s2+2s + 1)V„ 


(d) 


V 

n,{s) = ^ = 


1 


(c) K 


' 1, s^+s^+2s + l 

V„ 


1 


I„ v„ 


1 
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Chapter 16, Problem 39. 


Calculate the gain H(s) = V^IV^ in the op amp circuit of Fig. 16.68. 



Figure 16.68 

ForProb. 16.39. 


Chapter 16, Solution 39. 

Consider the circuit below. 



Since no current enters the op amp, flows through both R and C. 


V = V = V = —^ 

^ sC 


V„ R + l/sC 

H(s) = - = ^=s^ 
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Chapter 16, Problem 40. 


Refer to the RL circuit in Fig. 16.69. Find: 

(a) the impulse response h{t) of the circuit. 

(b) the unit step response of the circuit. 


L 



Figure 16.69 

ForProb. 16.40. 


Chapter 16, Solution 40. 

(a) H(s) = ^ 

R 


R 

R + sL 

R./L 


R/L 
s + R/L 


(b) v,(t) = u(t) -> V,(s) = l/s 

R/L R/L A B 

“ s + R/L^'^ ” s(s + R/L) ” s "^s + R/L 

A = l, B = -l 

1 1 

V =--- 

“ s s + R/L 

V, (t) = u(t) - e u(t) = (1 - )u(t) 
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Chapter 16, Problem 41. 

A parallel RL circuit has R = AÇí and L = 1 H. The input to the circuit is i^ (t) = 2e 
Find the inductor current i ^ (r) for all í > 0 and assume that i ^ (0) = -2 A. 


Chapter 16, Solution 41. 

Consider the circuit as shown below. 



But L = 

" s+ì 

2 2 + 2 2 4s + 2 

i' + l v4 i’J i' 4i' i' + l A' i'(i'+l) 


8(2a' + 1) 

(.' + !)(.'+ 4) 

K 8(2.' + l) _A ^ B ^ C 

S ì'(a'+ 1)(5 + 4) 5 A'+ 1 i' + 4 


A = ^ = 2, 
(1)(4) 


B = ^í=^ = 8/3, 
(- 1 )( 2 ) 


, V 2 8/3 -14/3 

h = - = - + -+- 

5 A' i' +1 iS' + 4 

i,{t) = [2 + \e-‘~e-*‘\i{t) = 
\ Ò Ò J 


C=8ÍZÌ±i)=-i4/3 

(-4)(-3) 


^ 8 _t 14 _4t) , ,, 

2 + -e ^-e u(t)A 

3 3 J 
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Chapter 16, Problem 42. 


A circuit has a transfer function 


H(.) = 


s-\-4 

(s + l)(s + 2Ý 


Find the impulse response. 


Chapter 16, Solution 42. 


H(s)- 


s-\-4 


B 


C 


(s-^ì)(s-^2ý i’ + l i^ + 2 (s-^2ý 


i- + 4 = A{s + 2ý + B(s + l)(s + 2) + C(s +1) = + 2s + 4) + + 3i- + 2) + C(i' +1) 


We equate coefficients. 
s^ : 0=A+B or B=-A 

s: 1=4A+3B+C=B+C 

constant: 4=4A+2B+C =2A+C 

Solving these gives A=3, B=-3, C=-2 


H(s) 


_3 _3 2 

i'' +1 5 + 2 + 2) 


h(t) = (3e-^-3e-^^-2te-^^)u(î) 
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Chapter 16, Problem 43. 


Develop the state equations for Prob. 16.1. 


Chapter 16, Solution 43. 


i(t) 



First select the inductor current Ìl and the capacitor voltage vc to be the state variables. 
Applying KVL we get: 

-u(t)+i + V(^+i’= 0; i = V(^ 

Thus, 

vc =i 

i =_Vç,-i + u(t) 

Finally we get, 


vc 


0 1 

-1 -1 


VC 


u(t);i(t) = [0 1] 


VC 

i 


-[0]u(t) 
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Chapter 16, Problem 44. 


Develop the state equations for Prob. 16.2. 
Chapter 16, Solution 44. 


IH 


1/8 F 


4u(t) 



4£1 


First select the inductor current Ìl and the capacitor voltage vc to be the state variables. 
Applying KCL we get: 


-it -I--I- —^ = 0; or Vp 
2 8 


SÌt -4v, 


ÌL =4u(t)-Vx 

Vx = V(^ +4^^ = v^ = v^ +4 ìl -2Vx; or v^ = 0.3333vl +1.3333ìl 
8 2 


Vc =8 Ìl -1.3333vc -5.333Ìl =-1.3333vc +2.6661^ 
ÌL =4u(t)-0.3333vc-1.3333ÌL 

Now we can write the state equations. 


Vc 


'-1.3333 

2.666 ' 

"vc" 

+ 

'o 

_ÌL_ 


-0.3333 

-1.3333 

.ÌL. 


4 


u(t); Vj 


'0.3333' 

"vc" 

1.3333 

.ÌL. 
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Chapter 16, Problem 45. 

Develop the state equations for the circuit shown in Fig. 16.70. 

— F 

^ ^ 1 H 

-^— 

+ 1 

v,(í) (í) v^(0 I 20 (l)v 2 (r) 


Figure 16.70 
ForProb. 16.45. 


Chapter 16, Solution 45. 



First select the inductor current Ìl (current flowing left to right) and the capacitor voltage 
Vc (voltage positive on the left and negative on the right) to be the state variables. 

Applying KCL we get: 

-^ + ^ + ÌL =0 or vc =4 Ìl +2Vo 
ÌL =Vo -V2 
Vq =-Vc +Vl 
vc =4 Ìl -2vc +2vi 

ÌL =-Vc+Vi-V2 


f 

ÌL^ 


'0 -f 

ÌL 

+ 

'1 

-1' 

vi(t) 

vc . 


4 -2 

vc 


2 

0 

V2(t) 


Vo(t) = [0 



0 ] 


vi(t) 

V2(t) 
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Chapter 16, Problem 46. 


Develop the state equations for the circuit shown in Fig. 16.71. 


1 H 



— 




p 2F = 

+ 

= ^'40 í 

> 4n (j 


Figure 16.71 
ForProb. 16.46. 

Chapter 16, Solution 46. 


) H 





First select the inductor current Ìl (left to right) and the capacitor voltage vc to be the 
state variables. 


Letting Vo = Vc and applying KCL we get: 


■Ìl —h -0 or V£ --0.25\ç2 +Ìl +is 


ÌL =-Vc+v, 


Thus, 


Vc 


■-0.25 

f 

vc 

+ 

'o 

f 

"Vs" 

; Vo(t) = 

■f 

"vc" 

+ 

■o 

o^ 

Vs 

.ÌL. 


-1 

0 

.ÌL. 


1 

0 

_ 


0 

.ÌL. 


0 

0 

_ 
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Chapter 16, Problem 47. 


Develop the state equations for the circuit shown in Fig. 16.72. 



Figure 16.72 

ForProb. 16.47. 
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Chapter 16, Solution 47. 


»]•*) * Í2v0 - H 



First select the inductor current Ìl (left to right) and the capacitor voltage vc (+ on the 
left) to be the state variables. 


Vp 

Letting ii = —^ and i^ = Ìl and applying KVL we get; 
4 

Loop 1: 


— Vj^ + ^ 


í ’ ^ 

^-ÌL 


= 0 or vc: = 4ij^ - 2vc: + 2vi 


Loop 2; 


+ Ìl + V 2 = 0 or 


ÌL-^ 

4 ìt — ^vl + 2 vi 

IL =-2il +— -- L_v 2 =-Vc +Vi -V2 


4ìt - 2vr + 2vi 

il =- - -= ÌL “ 0.5vc + 0.5vi 


ÌL 

-L 

1 -1 

Vi(t) 

il(t) 


1 

-0.5 

ÌL 

-L 

0.5 0 

Vi(t) 

VC 


2 0 

V2(t) 

Ì2(t) 


1 

0 

vc 


0 0 

V2(t) 
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Chapter 16, Problem 48. 

Develop the state equations for the following differential equation. 

dt dt 

Chapter 16, Solution 48. 

Let X] = y(t). Thus, = y = x^ and x^ = y" = -Sx^ - 4x2 ^(0 

This gives our state equations. 




■ 0 1 ■ 

’xi' 

+ 

■q' 

.^2 


1 

1 

.X2_ 


1 


z(t); y(t) = 


[1 o["i 

1^2 


[0]z(t) 


Chapter 16, Problem 49. 


* Develop the state equations for the following differential equation. 

dr dt dt 


* An asterisk indicates a challenging problem. 

Chapter 16, Solution 49. 


Letx^ = y(t) and x^ = x^ - z = y -z or y = x^ +z 
Thus, 


X 2 =y"-z =-6x|-5 (x 2+z) + z +2z-z =-6x|-5x2-3z 
This now leads to our state equations. 




■ 0 1 ■ 

’xi" 

+ 

■ 1 

_x'2_ 


-6 -5_ 

.^2. 


_-3 


z 


(t); y(t)=[l 



+ [0]z(t) 
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Chapter 16, Problem 50. 


* Develop the state equations for the following differential equation. 


d^yjt) 6d^y{t) ^ \\dy{t) 

dt^ dt^ dt 


+ 63^(0 = z{f) 


* An asterisk indicates a challenging problem. 


Chapter 16, Solution 50. 

Let xi = y(t), X 2 = , and X 3 = x^. 


Thus, 


X3 = -óx^ -11x2 “6x3 +z(t) 


We can now write our state equations. 




" 0 

1 

0 ' 


X 2 

= 

0 

0 

1 

X 2 

X 3 


-6 

-11 

-6 

-^3 


' 0 ' 


xi 


0 

1 

z(t);y(t) = [l 0 0 ] 

-^3. 

+ [ 0 ]z(t) 
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Chapter 16, Problem 51. 



■-4 

4' 


‘o' 

X = 

-2 

0 

X+ 

2 


* Given the following state equation, solve for y{t): 
u(t) 

J L^_ 

y(í)=[l 0\x 

* An asterisk indicates a challenging problem. 


Chapter 16, Solution 51. 

We transform the state equations into the s-domain and solve using Laplace transforms. 
sX(s)-x(0) = AX(s)-rB - 

Assume the initial conditions are zero. 


(sI-A)X(s) = B[^tj 


X(S): 


s + 4 -4 

-1 

'o' 

rn_ 1 

s 4 

0 

2 s 


2 

UJ s^+4s + 8 

2 s + 4 

_(2/s)_ 


Y(s) = Xi(s) = —- 

s(s^ +4s + 8) 

1 -s-4 1 

-- +- z - 2~~'^ 


1 -s -4 
s s^+4s + 8 
-(s + 2) ^ -2 

(s + 2)^+2^ (s + 2)^+2^ 



(cos 2t + sin 2t 
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Chapter 16, Problem 52. 

* Given the following state equation, solve for 3 ; ^ (t). 


X = 

-2 -1 

X + 

T r 

u(t) 


2 -4 


4 0 

2u(t) 


■-2 - 2 ' 

1 -0 

X + 

'2 0' 

0 -1 

u(t) 

2u(t) 


* An asterisk indicates a challenging problem. 

Chapter 16, Solution 52. 

Assume that the initial conditions are zero. Using Laplace transforms we get, 


s + 2 

1 

-1 

T r 

1/s 

1 

s + 4 

-1 ■ 

■3/s' 

-2 

s + 4 


4 0_ 

_2/s_ 

s + 6 s + 10 

2 

s + 2 

4/s 


^ 3s + 8 0.8^ — 0.8s —1.8 

^ s((s + 3)2+i2) s "^(5 + 3)2+1^ 


= ^- 0.8 


s + 3 


(s +3)^+1^ 


+ .6 


(s + 3)^ +1^ 


Xi(t) = ( 0 . 8 - 0 . 8 e ^'cost + 0 . 6 e sitit)u(t) 


X2 = 


4s + 14 

s((s + 3)^ +1^ 


1.4 -1.4S-4.4 

s "^(^ + 3)^+1^ 


-1.4- 


s + 3 


1.4 


s (s + 3)^+l^ 


- 0 . 2 - 


(s + 3)^ +1^ 


X2(t) = (1.4 —1.4e ^^cost-0.2e ^^sint)u(t) 

y 1 (t) = -2x 1 (t) -2x2 (t) + 2u(t) 

= (—2.4 +4.4e~^* cost-0.8e~^* smt)u(t) 


y2(t) = Xi(t)-2u(t) = (-1.2-0.8e ^+ost + 0.6e ^^sint)u(t) 
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Chapter 16, Problem 53. 


Show that the parallel RLC circuit shown in Fig. 16.73 is stable. 



Figure 16.73 
ForProb. 16.53. 


Chapter 16, Solution 53. 

If is the voltage across R, applying KCL at the non-reference node gives 


V V 


R 


■ sC + 




V = 


I. 


sRLÎ 


“ 1 _ 1 sL + R + s^RLC 

—+ sC + —- 
R sL 


I =^ = . 


R s RLC + sL + R 


I sL 

H(s) = + = :i- 


s/RC 


I, s"RLC + sL + R sVs/RC + l/LC 


The roots 

-1 I 1 r 

2RC*^(2RC)" ~LC 

both lie in the left half plane since R, L, and C are positive quantities. 
Thus, the circuit is stable . 
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Chapter 16, Problem 54. 


A system is formed by cascading two systems as shown in Fig. 16.74. Given that the 
impulse response of the systems are 

h j (í)= 3e u(t), h ^(t) = e u(t) 

(a) Obtain the impulse response of the overall system. 

(b) Check if the overall system is stable. 



V 


o 


Figure 16.74 
ForProb. 16.54. 


Chapter 16, Solution 54. 


(a) 


H(s) = H,(s)H,(s) = 
h(t)=L-'[H(s)]=L-' 


H,(s) 


1 

s + 4 


3 


(s + l)(s + 4) 

A B 
_s + l s + 4_ 


A = l, B = -l 

h(t) = (e‘‘ - e"“)u(t) 

(b) Since the poles of H(s) all lie in the left half s-plane, the svstem is stable . 
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Chapter 16, Problem 55. 


Determine whether the op amp circuit in Fig. 16.75 is stable. 



Figure 16.75 
ForProb. 16.55. 


Chapter 16, Solution 55. 

Let Vqj be the voltage at the output of the first op amp. 


Vo, -1/sC -1 


V, 


R 


sRC’ 

1 




Vq _ -1 

v„, sRC 


h(t) 


t 

R^C^ 


lim h(t) = co, i.e. the output is unbounded. 
Hence, the circuit is unstable . 
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Chapter 16, Problem 56. 

It is desired to realize the transfer function 


V^js) _ 2s 
V^ (í') s^ 2s + 6 

using the circuit in Fig. 16.76. Choose R = ì kQ and find L and C. 


R 



Figure 16.76 
ForProb. 16.56. 


Chapter 16, Solution 56. 

1 

I sL — 

J _ sÇ_ 


sLI 


sC 


1 

sL + 

sC 


sL 

l + s"LC 


V, 


V, 


sL 

l + s"LC 


R + 


sL 


l + s"LC 


sL 

s^RLC + sL + R 


s • 


RC 


+ s-+r^ + 
RC 


1 

LC 


Comparing this with the given transfer fiinction, 


1 

RC’ 


6 = 


1 

LC 


1 

IfR = lkíl, C = —=500 liF 

’ OT> " 


1 

L = —= 333.3 H 
6 C - 
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Chapter 16, Problem 57. 

Design an op amp circuit, using Fig. 16.77, that will realize the following transfer 
function: 

VqOO _ ^- + 1,000 

v,is) ~~2is + 4fi00) 

Choose C^ = 10 juF ;determineand C^ 


a 



Figure 16.77 
ForProb. 16.57. 
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Chapter 16, Solution 57. 

The circuit is transformed in the s-domain as shown below. 

I/SC2 







Chapter 16, Problem 58. 

Realize the transfer function 

K(5) s+ÌO 

using the circuit in Fig. 16.78. Let = sCy , = Ì/R y , 7g = sC^ • Choose R ^ = lkíì 

and determine C ^ and C^. 


7i 



Figure 16.78 

ForProb. 16.58. 

Chapter 16, Solution 58. 

We apply KCL at the noninverting terminal at the op amp. 
(V,-0)Y3=(0-VJ(Y,-Y,) 

Y, V, =-(¥,+¥,)V„ 

Vo_ -Ys 
V, Y,+Y, 

Let Yj = sC,, Y^ = 1/R, , Y^ = sC^ 

y_o _ ~ ^^2 _ - SC^ /C| 

Vj, sC|+l/R| s + l/R|C| 

Comparing this with the given transfer function. 


If Ri =lkQ, 

Ci=C,=j^ = 10^ 
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Chapter 16, Problem 59. 


Synthesize the transfer function 


^ IQ^ 

í"+100^ + 10" 


using the topology of Fig. 16.79. Let 7^ = 1 /= Ì/R 2 , Lg = ^ sC^ • Choose 

R j = lkQ and determine , C^, and R ^ • 





Figure 16.79 
ForProb. 16.59. 

Chapter 16, Solution 59. 

Consider the circuit shown below. We notice that V 3 = and V^ = V 3 = V^. 


Y4 


Vin 
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( 1 ) 


At node 1, 

(Vi„ - VJY, =(V, - VJY, +(V, - VJY, 
Vì„Y,=V,(Y,+Y,+YJ-V„(Y,+Y,) 


At node 2, 

(V,-VJY, = (V„-0)Y3 
V,Y,=(Y,+Y 3 )V„ 


Substituting (2) into (1), 

Vi„ Y, = ^^2^.(Y, + Y, + YJV„ - V„ (Y, + YJ 

Vi„ Y, Y, = V„ (Y, Y, + Y,^ + Y,Y, + Y, Y^ + Y.Y^ + Y^Y, 

_YtY^_ 

V,„ Y,Y,+Y,Y 3 +Y,Y 3 + Y 3 Y, 


( 2 ) 


y."-y,yj 


Y, and Y^ must be resistive, while Y^ and Y^ must be capacitive. 

1 1 

Let Y, = —, Y, =-, Y 3 = sC,, Y, = sC, 

' R, R 2 


Vi„ 


Vi„ 




1 


sC, sC, , 

-+ —^ + —^ + s^C,C, 

R,R. R, R. ‘ ^ 


1 


R^RjC^Cj 


s^ +s- 


^R, +R2^ 


1 


R^RjCiCj 


Choose R ^ = 1 kíì , then 


-= 10^ 

R1R2C1C2 


and 


RI + R 2 

R 1 R 2 C 2 


= 100 


We have three equations and four unknowns. Thus, there is a family of solutions. One 
such solution is 


R2=lkQ, Cj=50nF, C^ = 20 jiiF 
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Chapter 16, Problem 60. 


Obtain the transfer function of the op amp circuit in Fig. 16.80 in the form of 
Vç^ (i’) _ as 
V,(5) ~ s^+bs + c 

where a, b, and c are constants. Determine the constants. 


10kO 



Figure 16.80 

ForProb. 16.67. 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, withQut the prior 

written permission of the publisher, or used beyond the limited distribution to teachers and educators 

peiTQÌtted by McGraw-Hill for their individual course preparation. If you are a student using this Manuaf 

vou are using it without permission. 



















Chapter 16, Solution 60. 

With the following MATLAB codes, the Bode plots are generated as shown below. 

num=[l 1]; 
den= [15 6]; 
bode(num,den); 


Bode Diagram 



Frequencv Crad/sec:) 
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Chapter 16, Problem 61. 


A certain network has an input admittance 7 (a’). The admittance has a pole at = -3, a 
zero at = -1, and 7(oo) = 0.25 S. 

(a) Find Yis). 

(b) An 8-V battery is connected to the network via a switch. If the switch is closed at / = 
0, find the current i(t) through 7(5) using the Laplace transform. 


Chapter 16, Solution 61. 

We use the following codes to obtain the Bode plots below. 

num=[l 4]; 
den=[16 11 6]; 
bode(num,den); 


Bode Diagram 



-10 12 
10 10 10 10 

Frequencv (rad/sec) 
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Chapter 16, Problem 62. 

A gyrator is a device for simulating an inductor in a network. A basic gyrator circuit is 
shown in Fig. 16.81. By finding V. show that the inductance produced by the 

gyrator is L = CR ^. 



Figure 16.81 

ForProb. 16.69. 


Chapter 16, Solution 62. 

The following codes are used to obtain the Bode plots below. 

num=[l 1]; 
den=[10.5 1]; 
bode(num,den); 


Bode Diagram 



Frequencv (raci/sec) 
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Chapter 17, Problem 1. 


Evaluate each of the following funetions and see if it is períodic. If períodic, find its 
period. 

(a) f(t) = cos7rt + 2 eos 3 ìtt / + 3 cos 5 n t 

(b) y(t) = sin / + 4 eos 2 t 

(c) g(t) = sin 3/ cos 4t 

(d) h(t) = cos^ t 

(e) z(i)=42 sin(0.4 nt+W) 

+ 0.8 sin(0.6 nt + 50*^) 

(f) 7X0 = 10 

(g) q{f) = 


Chapter 17, Solution 1. 

(a) 

This is neriodic with co = :n: whieh leads to T = 2;i/(o = 2. 

(b) 

v(t) is not neriodic althoush sin t and 4 cos 2;it are indenendentlv 
períodic. 

(c) 

Since sin A eos B = 0.5[sin(A + B) + sin(A-B)], 

g(t) = sin 3t cos 4t = 0.5 [sin 7t + sin(-t)] = -0.5 sin t + 0.5 sin7t 
which is haiTnonic or periodic with the fundamental fiequencv 
(D = ì or T = 2n/(ú = 

(d) 

h(t) = cos ^ t = 0.5(1 + cos 2 t). Since the sum of a períodic function and 
a constant is also periodic, h(t) is periodic. co = 2 or T = 2n/(r> = n. 

(e) 

The fiequencv ratio 0.610.4 =1.5 makes z(t) periodic. 

co = 0.231 or T = 23r/co = 10. 

(f) 

p(t) = 10 is not periodic. 

(g) 

g(t) is notperiodic. 
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Chapter 17, Problem 2. 


ML Using MATLAB, synthesize the períodie wavefonn for whieh the Fouríer 
trígonometríe Fouríer seríes is 
.V ^ 1 4 r 1 ^ 1 ^ 1 

2 9 25 J 

Chapter 17, Solution 2. 

The function f(t) has a DC offset and is even. We use the following MATLAB code to 
plot f(t). The plot is shown below. If more terms are taken, the curve is clearly indicating 
a tríangular wave shape whieh is easily represented with just the DC eomponent and 
three, cosinusoidal terms of the expansion. 

for n=l:100 
tn(n)=n/10; 
t=n/10; 
yl=cos(t); 
y2=(l/9)*eos(3*t); 
y3=(l/25)*eos(5*t); 
factor=4/(pi*pi); 
y(n)=0.5- factor*(yl+y2+y3); 

end 

plot(tn,y) 


i 
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Chapter 17, Problem 3. 


Give the Fourìer coefticients ao, and bn of the wavefonn in Fig. 17.47. Plot the 
amplitude and phase spectra. 



Figure 17.47 
ForProb. 17.3. 

Chapter 17, Solution 3. 

T = 4, (Oo = 2n/T = n/l 

g(t) = 5, 0 < t < 1 

10, l<t<2 

0, 2<t<4 

ao = (1/T) |g(t)dt = 0.25[|5dt + j"l0dt] = iJS 


an = (2/T) |g(t) cos(nco„t)dt = (2/4)[ (5cos(^t)dt+j*10cos(^t)dt] 


2 . nn 

0.5Í5 — sin — t 
nTT 2 


+ 10 + sinïît 

nn 2 


] = (-l/(n;i))5 sin(n;i/2) 


a„ = n = odd 

Oj_n = even 


bn = (2/T) |g(t) sin(n(jL)^t)dt = (2/4)[ |5sin(^t)dt+10sin(^t)dt ] 


= 0.5[ 


- 2x5 
n^ 


n;i 

cos — t 
2 


0 


2x10 n;i ^ 

-cos — t J 

n;T 2 I 


= (5/fn;i)M3 - 2 cos nTi + cosfn;r/2ì1 
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Chapter 17, Problem 4. 


Find the Fouríer seríes expansion of the backward sawtooth wavefonn of Fig. 17.48. 
Obtain the amplitude and phase spectia. 


/(0 



-4 -2 0 2 4 6 t 


Figure 17.48 

ForProbs. 17.4 and 17.66. 

Chapter 17, Solution 4. 

f(t) = 10-5t, 0<t<2, T = 2, coo = 2;i/T = n 

ao = (1/T) |f(t)dt = (l/2)((10-5t)dt = 0.5[10t - (5^/2)][ = 5 

an = (2/T) |f(t) cos(no)„t)dt = (2/2) |(10 - 5t) cos(nnt)dt 


|(10) cos(niTt)dt - |(5t) cos(nnt)dt 


-5 

2 2 

n n 


cos nTit 


+ —sinnTit 
n;i 


= [-5/(n^7i^)](cos 2nTi - 1) = 0 


0 


bn = (2/2) |00-5t)sin(nîit)dt 


|(10) sin(nnt)dt- |(5t) sin(n7it)dt 


-5 . ^ 

sin n;it 


i^2_2 

n n 


5t 


- cos n;it 


n;i 


= 0 + [10/(n;i)](cos 2n;i) = 10/(n;i) 


10 1 

Hence f(t) = 5 + — V —siii(iint) 

n rín 
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Chapter 17, Problem 5. 


Obtain the Fourìer serìes expansion for the wavefoiin shown in Fig. 17.49. 



Figure 17.49 

ForProb. 17.5. 


Chapter 17, Solution 5. 


T -2n, (0 = 2;t/T = 1 

T 

h(t)dt = :^[lxn - 2xn] = -0.5 
T J 271 


a 


n 



lo 


2 . 

—sinnt 

nTi 


ì2n 


= 0 




T ^Ti ^2n ^ 

mt^eosnco^dt =— |lsinntdt — [ 2sinntdt =-cosnt 

Z n ^ n ^ nn 


\n 

lo 


2 

H-cosnt 

n;i 


\2n 

\n 


í 6 

— ,r 
n;i 
0, n 


Thus, 


z(t) = -0.5 + 


00 


z 


6 . 

— sinnt 
n;i 


n=odd 
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L = odd 
= even 




















Chapter 17, Problem 6. 


Find the tiigonometric Fourier series for 
5, 0 < / < ;7r 


/(0= ^ and/(í + 2;r) = /(?). 

10, n<t<27t 


Chapter 17, Solution 6. 


T=2n, C0o=23t/T = 1 
1^r 


a„=ri/(í)ûíí = ^ ]5ûf/+ flOd/ 

' n ^71 /s ^ 


= —(5;r + 10;r) = 7.5 

2;r 


2 ^ 2 I 

a„ = — j/(í)cosn(y^fcyí = —I j5cosn/c//+ jl0cosn/c// 


bn = —j/(/)sinn(y„/c// = —I j5sinn/c//+ jl0s/nn/c// 

' n ^ 7T 


= 0 


2;r 


1 

1 

n 

1 

2n 


—cosn/ 

- 

cosn/ 


7t 

n 

0 

n 

n 


=-rC0S;7rA7-l1 = 


, n = odd 
nn 

0, n=even 


Thus, 


f(f) = 7.5- 'Ỳj —sinn/ 

n^odd 
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Chapter 17, Problem 7. 

ML * Detennine the Fourier series of the periodic function in Fig. 17.50. 

/«A 

2 - 

I 

-10 12 3 r(,Y) 

I- ^-1 I-1 

Figure 17.50 

ForProb. 17.7. 

* An asterisk indicates a challenging problem. 


Chapter 17, Solution 7. 


7=3, co^-27ì:! T=27i! 3 

a^=^\í{t)dt = ^ j2dt+j(-^)dt 

' n n o 


:-(4-1) = 1 

3 


2 f 2n;rt 2 
a, = -]f(t)C0S—dt = - 


j2cos^^^ dt+ j(-1) 


2n;rt 

cos - dt 


„ 3 . 2njrt 

2-sin- 

2nn 3 


. 3 . 2n7it 

-1-sin- 

2n;i 3 


3 . 4nn 

— sin- 

nTT 3 


2 f.,,, . 2n;rt 


b„ = -j/(r)sin- 


dt = — 
3 3 


. 2n;rt ,. r, ., . ^rmi 
J2sin - dt+ j(-1)s/n - dt 


. 2n7tt 


- 3 2nnt 

-2x -cos- 


2nn 


2 3 2nnt 

-cos- 

0 2nn 3 


3 ,. - 4nn. 
= —(1-2COS—) 
riTT 3 


4n7i 


-2 — 3 cos-h 1 

nTil 3 


_ , 4nn 

= — 1 - cos- 

nTil 3 
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Hence, 


00 

f(t)=i+Z 


n=0 


3 . 4n7i IrìTÚ 

— sin-cos- 

n7i 3 3 


3 f. 4n7i"ì 

-ll-cos— 


n7i 


sin 


2n7it 

3 


We can now use MATLAB to check our answer, 

»t=0:.01:3; 

» f=l*oncs(sizc(t)); 

» for n=l:l:99, 

f=f+(3/(n*pi))*sin(4*n*pi/3)*cos(2*n*pi*t/3)+(3/(n*pi))*(l- 

cos(4*n*pi/3))*sin(2*n*pi*t/3); 

cnd 

» plot(t,f) 


2.5 

2 

1.5 

1 

0.5 

0 

-0.5 

-1 

-1.5 


0 0.5 1 1.5 2 2.5 3 


Clcarly wc havc thc samc figurc wc staitcd with! I 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou aie using it without permission. 

















Chapter 17, Problem 8. 


Obtain the exponential Fourier seríes of the function in Fig. 17.51. 


.m 

5 


5 t 


Figure 17.51 

ForProb. 17.8. 

Chapter 17, Solution 8. 


T= 2, = 271 1 T= n 

f5(1-í), 0<í<1 

0, 1<í<2 


\t)= 


1 r 1 ^ 

c„ = - _[ = - j5{1- í)e-^'""'c/í 




2 J 2 - yn;r 

0 2 {-jnrtf 


5[g~"-l] 5 


-jnýT 


(-yn;z--1) + - 


5 (-1) 


, 2_2 


2 -jn;r 2 -n 7 t 2-n7t' 

But 6“-''“ = co STtn - ysin n;r = c 0 sn;r + 0 = (-1)" 

^ _2.5[1-(-r] 2.5(-r[1 + y/i^] , 2.5 

— . o o "]" ■ 


jnTi 


rftt^ 


rftt^ 
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Chapter 17, Problem 9. 

Detemiine the Fourier eoeffieients and bn of the fìrst three haiTnonic teiTns of the 
rectifìed cosine wave in Fig. 17.52. 


m ^ 

10 


8 10 t 


Figure 17.52 
ForProb. 17.9. 


Chapter 17, Solution 9. 

f(t) is an even function, bn=0. 

7 = 8, ù) = 27r/T = 71 / 4 

1 ^ 2 ^ 

= —J/(/)Jt=— ^IO cos TTt / 4dt + 0 


0 

T/2 


= —{-)smMlA I" = — = 3.183 
4 n 


= — ^f{t)cosnco^dt =—[^\0cos7it/4cosn7it/4dt +0] = 5 J[cos;7Zí(n + l)/4 + eos;zt(n -l)/4}// 


71 

1 


a^ = 

T 

For n = 1 

2 

a, = 


0 


1 = 5 J[cos;s/2 + l]í/í = 5 


0 


2 . 

— smTTt/ldt + t 

71 


= 10 


For n>l, 


20 . 7r{n + \)t 20 . 7r{n-\) 

n =-sin-1-sin- 


7r{n-\-\) 


7r{n-\) 


20 . 7r{n-\-\) 20 . 7r{n-\) 

-sin^--sin^-^ 


7r{n +1) 


7r{n - 1) 


20 . , ^ 20 . 20 . ^ 10 . 

3.2 = —sinl.5;i + —sin 71 / 2 = 4.244, a^ =—sin27i + —sin7i = 0 
371 71 471 71 


Thus, 


ao= 3.183, ^2=10, a^ =4.244, ^^=0, b] = 0 = b^ = b^ 
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Chapter 17, Problem 10. 


Find the exponential Fouríer series for the wavefoiTn in Fig. 17.53. 


V’(í) 


0 77 2^ Stt î 

Figure 17.53 
ForProb. 17.10. 


Chapter 17, Solution 10. 


T= 2.71, co^ = 271! 7=1 


c„ = - [/^(í)e'"““'dí = ^ í(1)e ^ 

" 2n C 2^ -jn 0 

= ^[ye-'"^-y] = ^(cosn;r-1) 

2nn:^ 2n;r 


/(o=Z 


^(^cosn;r-1)e^"' 

2/i;r 
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Chapter 17, Problem 11. 


Obtain the exponential Fouríer seríes for the signal in Fig. 17.54. 


j(0 - 

1 


/ 



-1 ( 

] 

12 3 4 5 î 


Figure 17.54 
ForProb. 17.11. 

Chapter 17, Solution 11. 


T = 4, = 2;i/T = tíH 

T 


c 


n 


1 

4 


^-jn;it /2 

/4 


(-jn7it/2-l)-— 

jnTi 


0 ^ -in;it/2 

-1 • ^ 
jnTi 


|1 

lo 


1 4 


4 


n^Ti^ 


—-Hej“''^^(jn7i/2-1) + —eJ"’'^^ - —e-J“’^^^ + — 
jnn n^Ti^ jnn juTi jn^ 


But 

^jn;i/2 = 4^osn7i/2 +jsinnK/2 = jsinnK/2, = cosn 7 i /2 - jsinn 7 i /2 =-jsinn^ 

c n = ^ [l + j( jnTi / 2 -1) sin n7i / 2 + nTi sin n7i / 2] 

n^Ti^ 


00 . 

y(t) = 2^ ^-^[l +j(jmi/2-l)sinn7i/2 + nnsinn3i/2]ej"'’^*^^ 

n =—00 
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Chapter 17, Problem 12. 

* A voltage source has a períodie wavefonn defined over its períod as 
v(t) = t(27r -t)Y, 0<t<27r 

Find the Fouríer series for this voltage. 


* An asterísk indicates a challenging problem. 

Chapter 17, Solution 12. 

A voltage source has a períodic wavefoim defined over its period as 
v(t) = t(27r-1) V, for all 0 < t < 2;7r 

Find the Fouríer seríes for this voltage. 

v(t) = 27it-t^, 0<t<27r,T=27i, ù)o = 27rlT= ì 


ao = (1/T) [f(t)dt = ^ [\2nt - t^)dt = Ynt^ - tV3) = ^(1 - 2/3) = ^ 

^Jv ^Jv J 


2 fT 

T 


T ^ 

I (2Kt -1^) cos(nt)dt = — 


271 . 27lt . . 

eos(nt) +-sm(nt) 

n n 


-î— tntcos(nt) - 2sin(nt) + n^t^ sin(nt)] 

2 1 -4 

= — (1 -1)-^ 4n7i cos(27in) = —^ 

n Tin n 

2 T t 

bn = — í (2nt-t^)sin(nt)dt = — í (2nt-t^)sin(nt)dt 
T 71 


= — ^(sin(nt) -ntcos(nt))r-î—-(2ntsin(nt) + 2eos(nt) -n^t^ 

71 n Tin 

-471 471 ^ 

=-+ — = 0 

n n 



2tc 

0 


Hence, 


2n^ +4 ^ , 

í(t) = —-cos(nt) 

3 n=l H 
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Chapter 17, Problem 13. 


A periodic function is defined over its period as 
í lOsinr, 

h{t) = 

[20sin(t -7l), TT <t <277 


Find the Fourier series of h{t). 


Chapter 17, Solution 13. 

T = 2;i, coo = 1 

Uo = (1/T) |h(t)dt = ^[j^lOsintdt + £ 20sin(t - ti) dt] 


— lOcostr - 20cos(t - ;i)|'" 

2;i ^ ^ 


n 


Un = (2/T) |h(t) cos(nco^t)dt 


= [2/(2k)] 


1" 10 sin t cos(nt)dt + | 20 sin(t - n) cos(nt)dt 


Since sinAcosB = 0.5[sin(A + B) + sin(A - B)] 

sin t cos nt = 0.5[sin((n + l)t) + sin((l - n))t] 
sin(t - ;i) = sin t cos n - cost sin n = -sin t 
sin(t - ;i)cos(nt) = -sin(t)cos(nt) 


2n 


lOj^ [sin([l + n]t) + sin([l - n]t)]dt - 20| [sin([l + n]t) + sin([l - n]t)]dt 


5 

í cos([l + n]t) 

cos([l - n]t)^ 

K 

+ 

^2 cos([l + n]t) ^ 2 cos([l - n]t)^ 

2k 

31 

t 1 + n 

l-n J 

0 

^ 1 + n 1-n j 



5 3 3 3 cos([l + n];i) 3 cos([l - n];i) 

;il + n 1-n 1 + n 1-n 
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But, [l/(l+n)] + [l/(l-n)] = l/(l-n^) 

cos([n-l]7i) = cos([n+l];i) = cos ;i cos n7i - sin ;i sin n;i = -cos n;i 
an = (5/ix)[(6/(l-n^)) + (6cos(n7i)/(l-n^))] 


= [30/(Tt(l-n^))](l + cos nn) = [-60/(Tc(n-l))], n = even 

= 0, n = odd 


bn = (2/T) |h(t) sin nco^t dt 

= [2/(2;i)] [ 1" 10 sin t sin nt dt + 

But, sinAsinB = 0.5[cos(A-B) - cos(A+B)] 
sintsinnt = 0.5[cos([l-n]t) - cos([l+n]t)] 


£ 20(- sin t) sin nt dt 


bn = (5/K){[(sin([l-n]t)/(l-n))-(sin([l+n]t)/(l + n)][ 

+ [(2sin([l-n]t)/(l-n)) - (2sin([l+n]t)/(l + n)]|^; } 


5 


TI 


sin([l - n]Tr) ^ sin([l + n]Tt) 
1 - n 1 + n 


Thus, 


30 60 Ỳ cos(2kt) 
Tt 7X iè (4k^ - 1) 
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Chapter 17, Problem 14. 

Find the quadrature (eosine and sine) foiTn of the Fouríer seríes 


10 


/(0 = 2 + X^—7^os + ^ 

+ « +1 l 4, 

Chapter 17, Solution 14. 

Since cos(A + B) = eos A cos B - sin A sin B. 


f(t) = 2 + X 


10 


n=l V 


n"+l 


cos(n7C / 4) cos(2nt) - 


10 


n"+l 


sin(n7c/4)sin(2nt) 


Chapter 17, Problem 15. 

Express the Fouríer seríes 

/ (t) = 10 + V — eos 1 Ont + ^ sin 1 Ont 
n +1 n 

(a) in a eosine and angle foiTn. 

(b) in a sine and angle foiTn. 

Chapter 17, Solution 15. 

(a) Deos cot + Esin cot = A eos(cot - 0) 


where A = Vd^ + E^ , 0 = tan'^(E/D) 


A = 


16 

(n^ + 1)^ 



0 = tan'\(nVl)/(4n^)) 


f(t) = 10 + X 


16 


(n^ + 1)^ 


1 

+ — cos 

h 


lOnt - tan 


n^ + 1 
4n" 


(b) Deos (ot + Esin cot = A sin(cot + 0) 


where A = Vd^ + E^ , 0 = tan'^(D/E) 


f(t) = 10 + X 


16 


r 


(n^ + 1)^ 


sm 


lOnt + tan" 


V 


4n^ > 

n^ + l^ 
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Chapter 17, Problem 16. 


The waveform in Fig. 17.55(a) has the following Fourìer serìes: 


1 


n 


1 


v^(t) =- 7 cosnt-\-—cos3nt + —cos5;7zí+ •• 


25 


V 


Obtain the Fourìer serìes of v^it) inFig. 17.55(b). 




Figure 17.55 

ForProbs. 17.16 and 17.69. 


Chapter 17, Solution 16. 
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If V 2 (t) is shifted by 1 along the vertical axis, we obtain V 2 *(t) shown below, i.e. 
V2*(t) = V2(t) + 1. 



Comparing V 2 *(t) with vi(t) shows that 

V 2 *(t) = 2vi((t + to)/2) 
where (t + to)/2 = 0 at t = -1 or C = 1 
Hence V 2 *(t) = 2vi((t+l)/2) 


But 


V2*(t) = V2(t) + 1 
V 2 (t)+ 1 = 2vi((t+l)/2) 
V 2 (t) = -l+2vi((t+l)/2) 



+ — cos 3n\ 
9 I 









Chapter 17, Problem 17. 
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Determine if these funetions are even, odd, or neither. 

(a) 1 + í (b) r -1 (e) eos sin 

(d)sin^;^ (e) 


Chapter 17, Solution 17. 

We replace t by -t in each case and see if the function remains unchanged. 


(a) 

1-t, 

neither odd nor even. 


(b) 

t"-l, 

even 


(c) 

cos n;i(-t) sin n;i(-t) = - eos n;it sin n;it. 

odd 

(d) 

sin^n(-t) = 

(-sin ntý = sin^ nt, 

even 

(c) 

t 

neither odd nor even. 



Chapter 17, Problem 18. 
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Determine the fundamental Irequency and speeify the type of symmetry present in the 
functions in Fig. 17.56. 



m - 


rLi 

1 1 

■ _TL 

1_1_1_1_1_ w 


-2 -1 0 1 2 3 4 5 í 

(b) 



Figure 17.56 

ForProbs. 17.18 and 17.63. 

Chapter 17, Solution 18. 

(a) T = 2 leads to coo = 2n/T = n 

fi(-t) ^ -fi(l)? showing that fi(t) is odd and half-wave symmetric . 

(b) T = 3 leads to coo = 2n/3 

f 2 (t) = f 2 (-t), showing that f^^t) is eyen. 

(c) T = 4 leads to coo = n/2 

fs^t) is even and half-waYe symmetric . 

Chapter 17, Problem 19. 
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Obtain the Fourier series for the periodic waveform in Fig. 17.57. 




3 



Figure 17.57 

ForProb. 17.19. 

Chapter 17, Solution 19. 

7=4, 0)^=2711 71! 2 


m- 


10 í, 0 <í <1 

10 ( 2 -í), 1 <í <2 


0 4 2 


1 


^ j jmdt + j 0(2- t)dt = j5r 

' 0 ^ 0 ^ 

7" 1 2 

a„ = •|.J^í)cosm»ofcfí = ^ JlOícosníyofû^f+^ Jl0(2-í)cosníyoíûíí 


= 2.5 


20 , í . , 

- cosn(oJ+ - sinníoj 


nco„ 


nú)„ 


1 10 . 

+-sinn<y„í 

0 níy„ 


2 5 5í . 

+ —z—rCOSncoJ + -sinníy^f 

1 iTco„ nco„ 


= -^(cosn.»r/ 2 - 1 ) + —sinn.»r/ 2 + ^!-^(sinn;»r-sinn;»r/ 2 )+ — 5 -^—cosn.»r 

nco^ nco^ nco^ prn ! A 

5 10 . 5 . 

—— cosnn! 2 + -sin nn -sinn.7r/ 2 

rrn / 4 nco^ nn! 2 

2 ^ 2 ^ 2^ 

b„= — J/(f)s/nníy„fcyf = — JlOfs/hníyofc/f+ — Jl0(2- f)sin ncojdt 


5 

nco^ 


snncoj 


1 

0 


10 

nco^ 


cosncoj 


1 

0 




2 t 

+ - cosncoj 

1 nco. 


2 

1 


5 10 5 

= „ „ sin nnl 2 - {cosnn-cosnn/ 2 )— 5 — 5 -(sin.»rn-sin n.»r/ 2 ) 

n co^ nco^ n co^ 

2 cos.»rn /2 

- cosnn - 

ncy^ ncy^ 

Chapter 17, Problem 20. 
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ML Find the Fourier series for the signal in Fig. 17.58. Evaluate/(t) at t = 2 using the 
íirst three nonzero harmonics. 


m 



-4 -2 0 2 4 6 8 í 

Figure 17.58 

ForProbs. 17.20 and 17.67. 


Chapter 17, Solution 20. 
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This is an even íunetion. 


bn = 0, T = 6, co = 2ji/6 = Ji/3 


ao = - 1"'" f(t)dt = - J®(4t - 4)dt 14 dt 


1 

3L 


(2t' - 4t)[ + 4(3 - 2)j =2 


an = Y i f(t)cos(n7it/3)dt 

= (4/6)[ |(4t - 4) cos(n7it / 3)dt + ^ 4 cos(n;it / 3)dt ] 


16 

6 


9 ( n;it 

cos 


n^;i^ l 3 


3t . í n;it 


+ — sin 
n;T l 3 y 


n;it 

-sinl 

n;T V 3 




16 


n;Tt 
sinl 

n;T V 3 




= [24/(n^;T^)][cos(2n;T/3) - cos(n;T/3)] 


Thus 


24^ 1 

t(t) = 2 + ^X^ 

^ n = I 


cos 


2;iii 


- cos 


'^jcn^ 




cos 


Lnjit^ 


\ ^ J 


Att = 2, 

f(2) = 2 + (24/ji^)[(cos(2jx/3) - eos(ji/3))eos(2ji/3) 
+ (l/4)(eos(4ji/3) - eos(2ji/3))eos(4ji/3) 

+ (l/9)(eos(2ji) - eos(jT))cos(2jx) +-] 

= 2 + 2.432(0.5 + 0 + 0.2222 + -—) 
f(2) = 3.756 


Chapter 17, Problem 21. 
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Determine the trigonometric Fourier series of the signal in Fig. 17.59. 


/(í) 


A. A. A 


-5 -4 -3 -2 -1 0 1 2 3 4 5 í 


Figure 17.59 
ForProb. 17.21. 


Chapter 17, Solution 21. 

This is an even fnnction. 

bn = 0, T = 4, coo = 2;i/T = 7i/2. 


f(t) = 2-2t, 

= 0, 


ao = I |2(1 - t)dt - 


0<t< 1 
1 <t<2 

■ t^^‘ 

t- 

2 


= 0.5 


an = / I f(t) cos(nco„t)dt = j ^2(1 - t) cos|^^^jdt 


j J, ' “ ' 4 

= [8/(3iV)][ 1 - cos(nn/2)] 

1 - cos 








V2y 


cos 


^nTTt^ 


V 2 y 


Chapter 17, Problem 22. 
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Calculate the Fourier coefticients for the function in Fig. 17.60. 



Figure 17.60 

ForProb. 17.22. 

Chapter 17, Solution 22. 

Calculate the Fourier coefficients for the function in Fig. 16.54. 



Figure 16.54 ForProb. 16.15 

This is an even function, therefore bn = 0. In addition, T=4 and coo = nll. 

an = Y I ^ t^os(co^nt)dt = ^ |4t cos(n;it / 2)dt 


= 4 


4 2t 

cos(nTEt / 2) + — sin(n7it / 2) 
nji 


n 71 


16 8 

an = (cos(n7i / 2) - 1) + — sin(n7C / 2) 

n TT n7i 


Chapter 17, Problem 23. 
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Find the Fourier series of the function shown in Fig. 17.61. 



Figure 17.61 

ForProb. 17.23. 

Chapter 17, Solution 23. 

f(t) is an odd function. 
f(t) = t, -l<t< 1 

Uo = 0 = Un, T = 2, coo = 27 i/T = n 

bn = Y I f(t)sin(n(jL)^t)dt = ^ |t sin(n7it)dt 

= ^ [sin(n;it) - n;it cos(n;it)] 

n n 

= -[2/(n;i)]cos(n;i) = 2(-l)''"^V(n;i) 

2 t—tt”"'’* 

f(t) = — - - sm(n;rt) 

n 


Chapter 17, Problem 24. 

In the periodie fiinction of Fig. 17.62, 
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(a) tind the trigonometric Fourier series coeffìcients and 

(b) ealeulate the magnitude and phase of the component of/(t) that has 
ífcïn ^ 10 rad/s, 

(c) use the tirst four nonzero terms to estimate f(7r / 2). 

(d) show that 

1 1 1 1 1 1 

— _-1-1-1-1-h • * • 

4 1 3 5 7 9 11 



Figure 17.62 

ForProbs. 17.24 and 17.60. 

Chapter 17, Solution 24. 

(a) This is an odd function. 

ao = 0 = an, T = 2n, coo = 2n/T = 1 
4 f/2 

bn = — J f(t) sin(co^nt)dt 
T 

f(t) = 1 + t/Ti, 0 < t < :n: 

4 

bn = — (1 + t / :n:) sin(nt)dt 

2n ^ 

1 1 t l'' 

-cos(nt) H —— sin(nt)-cos(nt) 

n n Ti n7i 

= [2/(nîi)][l-2cos(nn)] = [2/(nn)][l + 2(-l)“^‘] 

a 2 = 0, b 2 = [2/(2n)][l +2(-l)] = -I/ti = -0.3183 

(b) con = ncoo = 10 or n = 10 



aio = 0, bio = [2/(103 t)][ 1-cos(lOn)] = -l/(5ix) 
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Thus the magnitude is Aio = = l/(57i) = 0.06366 

and the phase is (j^io = tan~Vbn/an) = -90° 

a.. 2 

(e) f(t) = V — [1-2 eos(n;i)] sin(nt) n 

n^i n;i 

oc. 2 

f(jT/2) = V — [1-2 cos(njt)] sin(njt / 2) Ji 
n=i nJT 

Forn = 1, f| = (2/ji)(l + 2) = 6/jx 

Forn = 2, fj = 0 

Forn = 3, fs = [2/(3ji)][1 - 2cos(3jt)]sin(3jt/2) = -6/(3jt) 

Forn = 4, f^ = 0 

Forn = 5, fs = 6/(5jt), ---- 

Thus, f(ji/2) = 6/jt - 6/(3 jt) + 6/(5 jt) - 6/(7jt) - 

= (6/jt)[1-1/3 + 1/5-1/7+ -] 

f(jT/2) = 1.3824 

which is within 8% of the exact value of 1.5. 

(d) From part (c) 

f(jT/2) = 1.5 = (6/jt)[1 - 1/3 + 1/5 - 1/7 + - - -] 

(3/2)(jt/6) = [1 - 1/3 + 1/5 - 1/7 + - - -] 

or jt/4 = 1-1/3+ 1/5-1/7+ --- 

Chapter 17, Problem 25. 
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Determine the Fourier series representation of the funetion in Fig. 17.63. 



Figure 17.63 
ForProb. 17.25. 


Chapter 17, Solution 25. 
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This is a half-wave (odd) function since f(t-T/2) = -f(t). 


ao = 0, an = bn= 0 for n = even, T = 3, coo ^ 2;i/3. 


For n = odd. 


4 4.5 .44 

an = — t (t) cos ncoQtdt = ~ t cos ncoQtdt 


4 9 ( 2Knt^ 3t . (limt 

— -;-^COS - +-sin - 

3 4n^n^ [ 3 J 2nn [3 


3 í f Im ì , ì 2 . (iTtn 

^ ^ cos - -1 +—sin - 

n^n^[ l 3 j j Tin l, 3 


— f(t)sin(ncOot)dt = — J^tsin(2nnt/3)dt 


4 9 . f 2TOt ì 3t / 2TOt 

— —;-^sin --cos - 

3 47i'n' l 3 J 2n;i l 3 


3 . ( 2m ì 2 / 2rai 

— sin --cos - 

l 3 J nn l 3 


3 ( ( 2m^ 2 (2nnt 

+ Lîi^n^l l3j jrai l3jj ^3 
t(t) “ i r 

n=i 3 . f 2nn) 2 f 2nn) . f ^jTnt) 

„ —í-sin --cos - sin - 

^2 2 1 3 1 3 1 3 




Find the Fourier series representation of the signal shown in Fig. 17.64. 



-4 -3 -2 -1 0 1 2 3 4 5 6 7 S 9 r(.ç) 


Figure 17.64 

ForProb. 17.26. 


Chapter 17, Solution 26. 

T = 4, (Do = 27 i/T = n/2 
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ao= -|f(t)dt = -[|ldt+_f2dt+|'l 
|f(t) cos(nco^t)dt 


dt 


= 1 


2 fT. 

T 


an 


^ cos(n;it / 2)dt + ^ 2 cos(n7it / 2)dt + cos(n;it / 2)dt 



2 

3 

4 

2 . nTit 

4 . nTit 

2 . nTit 


— sin - 

-1 -sin- 

+ — sin- 


n7i 2 

^ n7i 2 

2 n7i 2 

3 


4 . 3n7i . n7i 

— sin-sin — 

n7i 2 2 


bn = Y |í (t)sin(nco^t)dt 


2 

f 2 , . nTit , 

^ ^ . nnt , 1 

r*. ■ nTit , 


[ 1 sin-dt + 

[ 2 sm-dt + 

r 1 sin-dt 

4 

J 2 

í 2 

t 2 



2 nTit 

— cos- 

n7i 2 


4 nTit 

— cos- 

n7i 2 


2 nTit 

— cos- 

n7i 2 . 


n7i 


[cos(n7i) - l] 


Hence 


f(t) = 


00 ^ 

1 + ^ — [(sin(3n7C / 2) - sin(n7i / 2)) cos(n7it / 2) + (cos(n7i) - 1) sin(n7Ct / 2)] 


n7i 


Chapter 17, Problem 27. 


For the wavefomi shown in Fig. 17.65 below, 
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(a) specify the type of symmetry it has, 

(b) ealeulate and Z 73 , 

(c) íind the rms value using the first five nonzero harmonics. 



Figure 17.65 

ForProb. 17.27. 


Chapter 17, Solution 27. 

(a) odd symmetry. 
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(b) 


0 = an, T = 

4, coo = 27 t/T = 

f(t) 

= t. 

0<t< 1 


= 0, 

1 <t<2 

4 (í . nnt 

. r 4 

. mit 


t sin - 


nTit 

- - sin-cos- 

n 7T 2 nn 2 


4 . nn 2 n;i ^ 

= „ „ sin-cos-0 

n 71 2 n7i 2 

= 4(-l)^^"^^'^^/(n^7i^), n = odd 

-2(-l)'^'^^/(n7i), n = even 

a3 = 0, b3 = 4(-1)/(97I^) = -Q.Q4503 

(c) bi = 4/71^ b 2 = 1/71, b 3 = -4/(97t^), b^ = -1/(27t), b^ = 4/(257t^) 

Frn. = +bf,) 


= 0.52b„^ = [l/(2n^)][(16/jr^) +1+(16/(8171^)) +(1/4) +(16/(62531^))] 
= (1/19.729)(2.6211 + 0.27 + 0.00259) 

F„>s = VO.14667 = 0.383 


Compare this with the exaet value of Frn,s 
(0.383/0.4082)xl00 = 93.83%, close. 



|tMt = VÏ76 


0.4082 or 


Chapter 17, Problem 28. 

ML Ohtain the trigonometric Fourier series íor the voltage waveíorm shown in 
Fig. 17.66. 
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Figure 17.66 

ForProb. 17.28. 

Chapter 17, Solution 28. 

This is half-wave symmetric since f(t - T/2) = -f(t). 

ao = 0, T = 2, coo = 2;i/2 = n 


an 


4 

T 



f(t) cos(n(jL)^t)dt 


4 

2 


|(2 - 2t) cos(nTit)dt 



— sin(n;it) - 
n;i 


1 


n^n^ 


cos(n;it)-sin(n;it) 

n;T 


1 


0 


= [4/(nV)][l-cos(nn)] = 8/(nV), 

0 , 


n = odd 
n = even 


bn = 4|(1-t)sin(n;it)dt 



-cos(n;it) - 

n;i 


- V sin(n;it) + 
n ;i 


— cos(n;it) 
n;i 


= 4/(n;i), n = odd 

8 


f(t) = V cos(ii;it) + — siii(n 7 it) 


. n = 2k - 1 


Chapter 17, Problem 29. 


Determine the Fourier series expansion of the sawtooth fnnetion in Fig. 17.67. 
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Figure 17.67 
ForProb. 17.29. 

Chapter 17, Solution 29. 

This fiinction is half-wave symmetric. 

T = 2n, coo = 2ji/T = 1 , f(t) = -t, 0 < t < j: 

Foroddn, an = ^ j[" (“0 t:os(nt)dt =-^ [cos(nt)-l-nt sin(nt)]“ = 4/(n^jt) 

2 2 

bn = — r (-t) sin(nt)dt =- — [sin(nt) - nt cos(nt)F = -2/n 

Jt ■“ n jt 

Thus, 


f(t) 




—— cos(iit) 
n n 


— siii(iit) , 
n 


n = 2k - 1 


Chapter 17, Problem 30. 


(a) If/(/) is an even funetion, show that 

PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou aie using it without permission. 


















(b) is an odd function, show that 

/2 í ^/2 

‘''■"yl /(Osin«<y„í* 


Chapter 17, Solution 30. 


T/2 


-T/2 


Cn=:|: I f(t)e = j’^^^^f^t^cosncûotdt - j J^^^^^^f(t)sinncûo 


tdt 


( 1 ) 


(a) 


The second term on the right hand side vanishes if f(t) is even. Hence 
^ T/2 


Cn = — |f(t)cosncoQtdt 


(b) 


0 

The first term on the right hand side of (1) vanishes if f(t) is odd. Hence, 

T/2 


n 


— jf(t)sinncOotdt 


0 


Chapter 17, Problem 31. 
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Let an and bn be the Fourier series coeffieients of/(/) and let cOohc its fundamental 
frequency. Suppose/(t) is time-scaled to give h{f) =f{a t). Express the a[ and 0 ^, and 

co ^, of h{t) in terms of a„, bn, and cOo off{t). 

Chapter 17, Solution 31. 


If h(t) = f(at), r=T/a 




2n 2n 


T T/a 


acon 


'-pt '-pt 

2 ^ 2 ^ 
an’=— Jh(t)eosncoQ’tdt =— Jf^at^cosnco^^’tdt 


Let at = À,, dt = dÀ/a, aT’=T 


2a ^ 

aj^’= — Jf(A.)cosnco^A.dA./a = a^^ 


Similarly, 


bn -bn 


Chapter 17, Problem 32. 
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Find i(t) in the circuit of Fig. 17.68 givcn that 
i^(t) = l + ^^cos3?ît A 


2Q 



Figure 17.68 

ForProb. 17.32. 


Chapter 17, Solution 32. 

Whcn is = 1 (DC componcnt) 

i = 1/(1+2) = 1/3 

Forn >1, con = 3n, Is = l/n^ZO'' 

I = [1/(1 +2+jW)]Is = y(3+j6n) 

1 


-Z0° 


1 


3Vl + 4nVtan“'(6n/3) 3nWl + 4n' 


r Z — tan(2n) 


Thus, 


1 00 I 

i(t) = - + y- , cos(3ii - tan"' (2n)) 

3 „=i 3nWl + 4n^ 


Chapter 17, Problem 33. 

In thc circuit shown in Fig. 17.69, thc Fouricr scrics cxpansion of Vs(t) is 
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(í) = 3 + — ^ — sm(n7it) 
n n 

Find Vo{i). 


loa 



Figure 17.69 

ForProb. 17.33. 

Chapter 17, Solution 33. 

For the DC case, the inductor acts like a short, Vo = 0. 
For the AC case, we obtain the following: 

Vq-Vs , Vq , jn^Vp _Q 
10 j2n;i 4 


1 +j 2.5n7r- 


nTi 


V = V 


yj 




Vs 


1 + j 2.5n7i 





1 


nTi 


1 + j| 2.5n7i- 

n7i j 


^ ^ n7i + j(2.5n^7i^ - 5) 


Ao = 




; 0(1 = -tan 


-1 


í ^ r 2 2 A 
2.5n 71 -5 


n7i 


00 

^0(0= X!^nSÌn(nnt + 0 n)V 
n=l 

Chapter 17, Problem 34. 

Obtainvo(/) in the network of Fig. 17.70 if 
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■^innp — 


v(0 


0.5 F v„(í) 


Figure 17.70 

ForProb. 17.34. 

Chapter 17, Solution 34. 

Foranyn, V = [10/n^]Z(n7i/4), O) = n. 

1 H becomes jcOnL = jn and 0.5 F becomes l/^jcOnC) = -j2/n 



Vo = {-j'(2/n)/[2+jn-j-(2/n)]}V = {-j2/[2n+j(n^ - 2)]}[(10/n2)Z(n3t/4)] 

__ 20Z((nn/4)-n/2) _ 

n^^n" +(n'‘ -2)Vtan'((n^ -2)/2n) 

20 

=- ^ - Z[(n7i / 4) - (îi / 2) - tan ((n" - 2) / 2n)] 

nWn'+4 


Vo(t) = S 


20 


n=i iiWn^ + 4 


^ n7i 71 -1 n^ - 2^ 

cos nt H-tan - 

^42 2n j 


Chapter 17, Problem 35. 
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If v.v in the circuit of Fig. 17.71 is the same as function/^Ct) in Fig. 17.56(b), determine 
the dc component and the first three nonzero harmonics of Vo(t). 



Figure 17.71 

ForProb. 17.35. 


Chapter 17, Solution 35. 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher, or used bevond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuaf 

vou aie using it without permission. 











If Vs in the drcuit of Fig. 17.72 is the same as function f^^t) in Fig. 17.57(b), 
determine the dc component and the first three nonzero harmonics of Vo(t). 



Figure 16.64 ForProb. 16.25 


Á 

_rL: 


FL 


—^—n 

Figure 16.50(b) 


ForProb. 16.25 


The signal is even, hence, bn = 0. In addition, T = 3 , coo = 2 tc/ 3 . 

Vs(t) = 1 for all 0 < t < 1 
= 2 forall 1 <t< 1.5 



n = ^ |cos(2nnt / 3)dt + | ^ cos(2n;it / 3)dt 


- sin(2n;it / 3)\^^ +-sin(2n;it / 3)||'' 


n;i 


- sin(2n;i / 3) 


s(t) = — - — X ~ sin( 2 n;i / 3) cos( 2 n;Tt / 3) 
3 ;i mTÍ n 


Now consider this circuit, 
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LetZ = [-j3/(2nn)](l)/(l-j3/(2nn)) = -j3/(2nji - j3) 
Therefore, Vo = Zvs/(Z -l- 1 -l- j2nji/3). Simpliíying, we get 

Vo = __ 

Ì2nn + i(4n^n^ - 18) 


For the dc case, n = 0 and Vs = % V and Vo = Vs/2 = 3/8 V. 


We can now solve for Vo(t) 


/. 3 [ 2ii7rt /-^1 t 

o(t) = --i-2^A„cos ——-i-0„ volts 

o n=i V 3 ; 


where A„ 


siii(2n7r/3) 


2 2 í 4n TT 

16n n +-6 


^ and0„ = 90'' - tan ' —- — 

2 l 3 2n7C 


where we can further simpliíy An to this, = 


9sin(2n7r/3) 
nTiV^n^'Ti'' +81 


Chapter 17, Problem 36. 
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* Find the response io for the cireuit in Fig. 17.72(a), where v(t) is shown in Fig. 
17.72(b). 



lOOmF 

(a) 





0 1 2 4 t 

(b) 

Figure 17.72 

ForProb. 17.36. 


* An asterish indicates a challenging problem. 


Chapter 17, Solution 36. 

We fìrst fìnd the Fourier series expansion of Vg. 7"= 1, co ^=2/11 T= 2n 
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ao = ^ í = ^ jl 0(1 - Oíd í = 10(í - 


= 5 


2", 


„ = — jf(t)cosnú)jdt = 2 Jl0(l-í)cos2n;ríí/í 


= 20 


^ -sin2n;/rí-^cos2n;rí-^sin2n;rí 


2;rn 


4n^;r^ 


2n;r 


= 0 


2 7 " 2 ^ 

b,, = — J/(í)sin ncojdt = — Jl 0(1- /)ísin ncojdt 


:20 


2n;z- 


- cos 2«;r/-sin 2n;r/ -l—-— cos In^rt 

4n n Inn 


1 _20^ 
0 nn 


DC j^Q 

V, (?) = 5 + V—sin Innt 
„=i nn 

\H -> ico,^L = jcú,, 

1 _ 1 -jlOO 


lOmF 


/ = 


Ìco„C >„0.01 co„ 


K 


5+M- 


/100 




For dc component, ooo = 0 which leads to lo = 0. 
For the nth haimonic. 


i^zo^ 

nji 


10 


5 + j2n;i-j^ 5nji +j(2n V-50) 
2n?i 


where 




10 


-tan 


: A„Z<|)„ 


.1 2«V-50 


725nV+(2nV-50)' ’ “ ^nn 

00 

/o(0 = ZA,sin(2n;z-? + ^„) 


Chapter 17, Problem 37. 
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If the periodic cuiTent wavefonn in Fig. 17.73(a) is applied to the circuit in Fig. 17.73(b), 
find Vo. 


3 

2 

1 

0 

-1 


I_I_I^ 

0 12 3 / 

(a) 


20 



(b) 


Figure 17.73 

ForProb. 17.37. 


Chapter 17, Solution 37. 

We first need to express U in Fourier series. T=2, co^ = 2nl T= n 
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]3dt+ jlûíí 


= -(3 + 1) = 2 


2 f, 


a, = -jf{t)cosncoJdt = - 
' 0 ^ 

T r^\ 1 


I ^ 

j3cosn;rtdt+ jcosn;rtdt 


3 ■ 

-sin n;i:t 

nn 


11. 

+ — an nn:t 
0 nn: 


b„ = — jf(t)sinncoJdt = — j3sinn;rtdt+ jsinn;rtdt 


iji,t) = 2 + ^ —(1 - c osn;fr)sin n;rt 

n=i a;r 


-3 


= — cosnn:t 
nn: 


+ —cosn;rf 
0 nn: 


^ = —(1 

1 nn: 


By cuiTent division, 
1 


L 


4 =-^-4 = - 

° 1 + 2 + yiu/" 3 + j3co„ 

V =ico U = 

° ° 3 + y3fu„ 1 + y«„ 

For dc component (n=0), Vo = 0. 

For the nth haimonic, 




1 + jn;i mi 


(l-cosn7i)Z-90'" 


2(1 - cos nTi) 
Vl + n^Ti^ 


Z(90^-tan“^nK-90^) 




Ìí Vl+A7V 


Chapter 17, Problem 38. 

If the square wave shown in Fig. 17.74(a) is applied to the circuit in Fig. 17.74(b), find 
the Fouríer seríes for v,Xa) • 
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0 

-cosn,T) 



v,a)v 


0 12 3 í 

(a) 


1 Í1 



(b) 


Figure 17.74 
ForProb. 17.38. 

Chapter 17, Solution 38. 

1 2 °° 1 

Vs(t) = —+ — V— sinnTit, n = 2k + l 
2 


Y —V (0 

1 + Jû>n 

For dc, con =0, Vg = 0.5, = 0 

2 

For nth haiTnonic, Vg = — Z - 90^ 

n7i 


V. = 


nTEZ90^ 




^Ti^Ztan ^ n;i 


2 lz 90 ^ 2^-tan ^ nn 
Vl + n^ji^ 


00 2 

^o(^) = ^ I = cos(n;it - tan~^ nn:), n = 2k-l 

k=lVl + n^;i^ 


Chapter 17, Problem 39. 

If the periodic voltage in Fig. 17.75(a) is applied to the circuit in Fig. 17.75(b), find io{t ). 
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Figure 17.75 

ForProb. 17.39. 


Chapter 17, Solution 39. 

Comparing Vs(t) with f(t) in Figure 15.1, Vs is shifted by 2.5 and the magnitude is 
5 times that of f(t). 

Henee 

Vs(t) = 5 + — V — sin(nTit), n = 2k - 1 

n k=in 

T = 2, (Do = InllT = 7T, con = ncoo = nji 

For the DC component, io = 5/(20 + 40) = 1/12 

For the kth haimonic, Vs = (lO/^nTT^^ZO"^ 

100mH beeomes jcOnL = JnTTxO.l = JO.lnTT 
50 mF becomes l/(jcOnC) = -j20/(n7T) 



Let Z = -j20/(n7T)||(40+j0.1n7T) = —^ - 

- -— + 40 + jO.lnTT 

nTT 
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- j20(40 + jO.lnji _ 2n7i - j800 
- j20 + 40nji + jO.ln^ji^ 40nji + j(0.1n^ji^ - 20) 

+ 2 = 802njr + j(2n^ji^ - 1200) 

40njT + j(0.1n"ji' - 20) 


I = 


^ _ 400nji + j(n"ji^ - 200) 

Z;,, “ nji[802nji + j(2n"ji" - 1200)] 

j20 


I 


lo = 




j20I 


Thus 


j20 


mi 


+ (40 + j0.1nji) 40nji + j(0.1n JT -20) 


- j200 


nji[802njr + j(2n'ji' - 1200)] 

200Z - 90° - tan~^{(2n"jr" - 1200) /(802nji)} 
n;i 7(802)" + (2n'jT" - 1200)" 


1 200 

io(t) = — +-2]sm(n7it - e„), n = 2k- 1 

20 jr S 


where 


0., =90° + tan 


In = 


_i 2n"jr" -1200 
802njr 

1 


nV(804nji)" +(2n"jr" -1200) 


Chapter 17, Problem 40. 


* The signal in Fig. 17.76(a) is applied to the eircuit in Fig. 17.76(b). Find Vo(t). 
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2v, 



- W\A^ - 

-1 

1- ( 


+ 


+ 

V.0 vJ 

= 0.25 F 3 Q < 

> 






(b) 


Figure 17.76 

ForProb. 17.40. 


* An asterìsk indicates a challenging problem. 


Chapter 17, Solution 40. 


T = 2, (Oo = 2;i/T = n 


2 

-I 0 
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?f(bdt = i|(2-2t)dt 






















For the DC component, Vs = 1/2. As shown in Figure (a), the capacitor aets 
like an open circuit. 
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Applying KVL to the circuit in Figurc (a) givcs 

-0.5-2Vx + 4i = 0 (1) 

But -0.5 + i+Vx = 0 or -l+2Vx + 2i = 0 (2) 

Adding (1) and (2), -1.5+ 6i = 0 or i = 0.25 

Vo = 3i = 0.75 

For thc nth haiTnonic, wc considcr thc circuit in Figurc (b). 

con = nTi, Vs = AnZ-(l), l/(j(OnC) = -}4/{nn) 

At thc supcmodc, 

(Vs-Vx)/1 = -[n;i/G4)]Vx + Vo/3 
Vs =[1+jn;i/4]Vx + Vo/3 (3) 

But -Vx-2Vx + Vo = 0 or Vo = 3Vx 


Substituting this into (3), 

Vs = [l+jn;i/4]Vx + Vx = [2+jnK/4]Vx 
= (l/3)[2+jn;i/4]Vo = (1/12)[8 + jnK]Vo 
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V, 



Chapter 17, Problem 41. 

The full-wave rectified sinusoidal voltage in Fig. 17.77(a) is applied to the lowpass filter 
in Fig. 17.77(b). Obtain the output voltage Vo(t) of the filter. 
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2H 



Cb) 


Figure 17.77 
ForProb. 17.41. 


Chapter 17, Solution 41. 

For the Ml wave reetifíer, 

T = n, (úo = 2n/T = 2, íOn = ncoo = 2n 
Hence 
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Vin(t) = -cos(2nt) 

Jt n “ 4n -1 

For the DC component, 

Vin = 2/31 

The inductor acts like a short-circuit, while the capacitor acts like an open circuit. 
Vo = Vin = 2/71 

For the nth harmonic, 

V,n = M/(3i(4n"-l))]Z0° 

2 H hecomes jcOnL = j4n 

0.1 F becomes l/(j&)nC) = -j5/n 

Z = 10||(-j5/n) = -jl0/(2n-j) 

Vo = [Z/(Z+j4n)]Vin = -jl0Vin/(4+j(8n-10)) 

= jlO f 4Z0° ^ 

4 + j(8n-10)l^ jT(4n'-l)^ 

40Z{90°-tan~'(2n-2.5)} 

Jt(4n'-l)Vl6 + (8n-10)" 

2 ^ 

Hence Vo(t) = — + >.A„ cos(2iit + 0„) 

^ tí _ 

where 



Chapter 17, Problem 42. 


The square wave in Fig. 17.78(a) is applied to the eircuit in Fig. 17.78(b). Find the 
Fourìer serìes of Vo(t ). 



Vv(0V > 
10 








0 

‘ 

2 

3 

t 

-10 






(a) 


40 nF 



Figure 17.78 

ForProb. 17.42. 


Chapter 17, Solution 42. 


20 ^ 1 

g =5 + — ^ —sinn;it, n = 2k-l 
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= jco„C(0-VJ 


Vs-0 

R 


■> 


V„ 


j 

cOj^RC 


Vs, 


coj^ = ncoQ= n7i 


For n = 0 (dc component), Vo=0. 

For the nth haimonic, 

^ 1Z90^ 20 ^^0 20 lO^ 

nTiRC n7i n^7i^xl0"^x40xl0~^ 2n^7i^ 


Hence, 


1^5 00 j 

^o(t) = —n = 2k-l 


271 k=in 


Altematively, we notice that this is an integrator so that 

-i5 00 

fv.dt = -^ 

RC 


. ^ 1 f j lO^ 1 ,, , 

o(t) = -—|Vsdt = —-2^ —cosnnt, n = 2k-l 
271 k = in 


Chapter 17, Problem 43. 


The voltage across the temiinals of a circuit is 
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v(0 = 30 + 20cos(60;rr + 45") 

+ 10cos(60;;zr-45^)V 

If the cuiTcnt entering the teiminal at higher potential is 
i(t) = 6 + 4cos(60;7Zí +10°) 

-2cos(120;;zí-60°)A 

find: 

(a) the iTns value of the voltage, 

(b) the iTns value of the cuiTent, 

(c) the average power absorbed by the circuit. 


Chapter 17, Solution 43. 


(a) Ja^+^£(a^+b^)=^30^+^(20^+10^) = 33.91 V 

(b) Us = ^6^+i(V+2") = 6.782 A 

(C) p = Vaeldc + Vnl„ ‘^os(©„ - 3),,) 

= 30x6 + 0.5[20x4cos(45°-10°) - 10x2cos(-45“+60“)] 

= 180 + 32.76 - 9.659 = 203.1 W 


Chapter 17, Problem 44. 


The voltage and cunent through an element are, respectively, 
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v(t) = 30cos(í + 25") + 10cos(2í + 35") 

+ 4cos(3r-10")V 
i(t) = 2 cos t + cos(2í +10") A 

(a) Find the average power delivered to the element. 

(b) Plot the power spectiTim. 

Chapter 17, Solution 44. 


(a) 


P = 



60cos25''+10cos45''+0 


27.19 + 3.535 + 0 = 30.73W 


(b) The power spectmm is shown below. 


p 27.19 



Chapter 17, Problem 45. 
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A series RLC eireuit has R= 10Q,L = 2 mH, and C = 40 //F. Detennine the effective 
euiTent and average power absorbed when the applied voltage is 
v(t) = 100 eos 1000/ + 50 eos 2000/ 

+ 25 cos 3000/ V 

Chapter 17, Solution 45. 

con = lOOOn 

jcOnL = jl 000 nx 2 xl 0 “^ = j 2 n 
l/GconC) = -j7(1000nx40xl0^^) = -j25/n 
Z = R + JcOnL + l/GcOnC) = 10+j2n—j25/n 
I = V/Z 

Forn = 1, Vi = 100, Z = 10+j2-j25 = 10-j23 
li = 100/(10-j23) = 3.987Z73.89° 

Forn = 2, Vj = 50, Z = 10+j4-jl2.5 = 10-j8.5 
h = 50/(10-j8.5) = 3.81Z40.36° 

Forn = 3, V 3 = 25, Z = 10+j6-j25/3 = 10-j2.333 
I 3 = 25/(10-j2.333) = 2.435Z13.13° 

U. = Vo.5(3.987^+3.81^+ 2.435^) = 4.263 A 
p = R(U.)"= 181.7W 


Chapter 17, Problem 46. 
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ML Use MATLAB to plot the following sinusoids for 0 < t < 5: 


(a) 5 cos 3r - 2 cos(3t-;7z-/3) 

(b) 8 sìn(;rt+ ;i/4) + 10 cos(;7r/-;?r/8) 


Chapter 17, Solution 46. 

(a)The MATLAB commands are: 
t=0:0.01:5; 

y=5*cos(3*t) - 2*cos(3*t-pi/3); 
plot(t,y) 



(b) The MATLAB commands are: 
t=0:0.01:5; 
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» x=8*sin(pi*t+pi/4)+l 0*cos(pi*t-pi/8); 
» plot(t,x) 

» plot(t,x) 



Chapter 17, Problem 47. 
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The periodic cuiTent wavefonn in Fig. 17.79 is applied across a 2-kQ resistor. Find the 
percentage of the total average power dissipation caused by the dc component. 


4 


-1 0 1 2 3 î 


Figure 17.79 

ForProb. 17.47. 


Chapter 17, Solution 47. 


T= 2, =2711 T= 71 

= ^ j4dt+j{-2)dt 


= -(4-2) = 1 


P= = ^]nt)dt = ^]4^dt+ ]{-2)^dt 


lOP 


The average power dissipation caused by the dc component is 


P P 


Chapter 17, Problem 48. 

For the circuit in Fig. 17.80, 
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/(0 = 20 + 16cos(10í + 45^) 

+ 12 cos(20/ - 60^) mA 

(a) fínd v(t), and 

(b) calculate the average power dissipated in the resistor. 



v(/) 


Figure 17.80 

ForProb. 17.48. 

Chapter 17, Solution 48. 

(a) For the DC component, i(t) = 20 mA. The capacitor acts like an open circuit so that 
V = Ri(t) = 2x10^x20x10“^ = 40 

For the AC component, 

con = lOn, n = 1,2 

l/O'cOnC) = -j7(10nx 100x10“*^) = (-j/n) kí2 
Z = 2||(-j/n) = 2(-j/n)/(2-j/n) = -j2/(2n-j) 


V = ZI = [-j2/(2n-j)]I 


Forn =1, Vi = [-j2/(2-j)]16Z45° = 14.31 lZ-18.43° mV 

Forn = 2, Vj = [-j2/(4-j)]12Z-60° = 5.821Z-135.96° mV 

v(t) = 40 + 0.01431 lcostlOt - 18.43°1 + 0.Q05821cos(20t - 135.96°t V 

(b) p = VdcIdC X,In COS(e„ - <[)„ ) 

^ 11-1 

= 20x40 + 0.5x10x0.01431 lcos(45^+ 18.43^) 
+0.5xl2x0.005821cos(-60^ + 135.96^) 

= 800.1 mW 


Chapter 17, Problem 49. 
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(a) For the períodic wavefonn in Prob. 17.5, find the ims value. 

(b) Use the first five haimonic teims of the Fouríer series in Prob. 17.5 to deteimine the 
effective value of the signal. 

(c) Calculate the percentage eiTor in the estimated ims value of z{f) if 

f estimatedvalue 

%eiTor =-1 xlOO 

l exact value ) 


Chapter 17, Solution 49. 

= ^(5n) = 2.5 

Zims =1-581 



(b) 


7I 

^ rms 


1 00 1 1 00 


'n=l 


n=l 

n=odd 


36 
n 71 


1 ^ 1 ^ 1 

=-+— 1+0+-+0+—+. 

25 


= 2.349 


Zrnis = 1.5326 


(C) 


%eiTor= 1 


1.5326 

1.581 


xlOO= 3.061% 


Chapter 17, Problem 50. 
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Obtain the exponential Fourier series for/(t) = t, -1 < / < 1, with/(/ + 2n) =f(t) for all 
integer values of n. 


Chapter 11, Solution 50. 


i f co„ = ^ - II 

= ifte-'""‘dt 

Using integration by paits, 

u = t and du = dt 

dv = e“‘^'''^dt whichleadsto v = -[l/(2jn7T)]e“‘^'''^ 
t 




jiijit 


2jn7i 

= i[, 


+ ■ 


e + e'"^' + 


n;i 


_i 2jnK 


•1 


inTT +1 


1 


- jiijit 


2n^ji^(-j)^ 

= [j/(nji)]cos(nJi) + [l/(2n^Ji^)](e-j“ - d“’') 




n;i 2n n 


n;i 


Thus 


f(t) = £c„e^"“"‘ = Jc-l)" J-ei™' 

ii=—oc n=—oo nTt 


Chapter 17, Problem 51. 
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Given the periodic function 

f{t) = 0 < í < r 

obtain the exponential Fourier series for the special ease T= 2. 

Chapter 17, Solution 51. 

T = 2, (ÚQ = 2n/T = n 

Cn = i = i Pe--i""'dt = ^ 2j„rt + 2) Ij 

\ ^ 0 ^ (-jn^) 

1 11 . 2 

^ —7(1 j’^^) 

}2n^vl n^n^ 

00 ry 

f(t)= Z ^Y(l-^jnjt)ej“’^* 
n^-Qo n n 


Chapter 17, Problem 52. 
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Calculate the eomplex Fourìer series for/(t) = e\ - 7i <t < Ti, with f{t + Im) = f{t) 
for all integer values of n. 


Chapter 17, Solution 52. 


Cn = Y co„ = Y = n 


= - fte-J""‘dt 

2 -L 

Using integration by paits, 

u = t and du = dt 

dv = e~‘'^^dt whichleadsto v = -[l/(2jn7i)]e~‘’^^ 
t 


- jimt 


2jnn 


_i 2jnn 


— fe ^'“‘dt 

ÌnTT +1 


= +[e-j"’‘+e"“‘] + 
nn 


1 


- jllTCt 


2n^7r^(-j)^ 

= [j/(n7T)]cos(nn) + [l/(2n^n^)](e-j“ - d'*") 


cn= J^.-44s7n(n.) = Ì^ 


n;i 2n^n^ 


n;i 


Thus 


f(t) = |]c„e'"“"‘ = 

nTt 

ii = -oc n =—00 


Chapter 17, Problem 53. 
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Find the complexFouríer seríes for f(t) = e \ 0<t< 1, with/(t + n) =f(t) for all integer 
values of n. 


Chapter 17, Solution 53. 


(Oo = 2n/T = 2n 






-(l + j2nn:)t _ 


1 + j27Tn 


1 + j 2 n 7 i 


= [l/(j2n7i)][l -e Xcos(27in)-jsin(2n7i))] 

= (1-e^')/(l+j2n7i) = 0.6321/(1 +j2nji 

Ŷ 0.6321ej^"’“ 

^ ^ „èo 1 + j2n7i 


Chapter 17, Problem 54. 
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Find the exponential Fourier series for the function in Fig. 17.81. 



Figure 17.81 

ForProb. 17.54. 


Chapter 17, Solution 54. 

T = 4, (Oo = 2n/T = n/2 




|2e-^'“‘'Mt + [ le-J'“‘'Mt - le-J"”‘'Mt 


^r2e-j"^/2 _2 + e-j™ -g 

2n7i 


-jim/2 _ ^-j2im ^-j'iJi 


J_r3e-j"./2 _3 + 2e-J'”'] 
2n7i '■ ^ 


f(t) = Jc„e^"“-'‘ 

n = -oc 


Chapter 17, Problem 55. 
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Obtain the exponential Fourier series expansion of the half-wave rectified sinusoidal 
euirent of Fig. 17.82. 



-277 -77 0 77 277 377 í 


Figure 17.82 

ForProb. 17.55. 


Chapter 17, Solution 55. 
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T = 27T, cOo = 2;i/T = 1 


c„ = 


But 


i(t) = 


|sin(t), 0 < t < Jt 
0, Ti < t < 2 ji 




— rsin(t)e ["—(e-^^-e j^^e j“*dt 

2ji -0 2jt -0 2j 


1 

4jtj 


ejt(l-n) e-Jt(l+n) 


j(l-n) j(l + n) 


J_ 

4jr 


gjjt(l-n) _ j g-j)i(n+l) _ j 
+ 


1-n 


1 + n 




jrc(l-ll) 


- 1 + - n + - 1 - ne 


4n(n^ - 1 ) 

But = cos(ti) + jsin(7i) = -1 = 
1 


jji(l + n) 


-jjr(l+n) 


+ 


n] 


4jt(n" - 1) 




- 2^ : 


1 + e 


2jt(l - n J 


Thus 


i(t) = £ 


l + e-J“" i 


jnt 


n=-co 2jt(l-n ) 


Chapter 17, Problem 56. 
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The Fouríer series tiigonometríe representation of a períodie function is 

/(t) = 10 + V ^- co^nM + — - únnM 

“U +1 w +1 j 

Find the exponential Fouríer seríes representation of/(t). 


Chapter 17, Solution 56. 

Cq ao 10, cOq tc 

Co = (an-jbn)/2 = (1 - jn)/[2(n^ + 1)] 


f(t) =10+1; 

n=^ 


(1-jn) 
2(n' +1) 


n^U 


Chapter 17, Problem 57. 


The coeffícients of the higonometrie Fourier series representation of a tunetion are: 

1’ 2,--- 

n -1 

If = 50n, find the exponential Fourier seríes for the function. 


Chapter 17, Solution 57. 

ao = (6/-2) = -3 = Co 

Cn = 0.5(an-jbn) = 2.J2 = 3/(n'- 2) 


f(t) = 

-2 

nîÉO 


Chapter 17, Problem 58. 
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Find the exponential Fourier series of a function that has the following trigonometric 
Fourier series coefficients: 


a 


0 



Take T . 



(-i)'-i 


Chapter 17, Solution 58. 

Cn ^ (an-jbn)/2, (“1)^ = COS(n7l), COo = 27I/T = 1 
Cn = [(cos(n7i) - l)/(27in^)] - j cos(n7i)/(2n) 

Thus 

f(t) = ^ I y r cos(nn) -1 ^ cos(n7i) Y m. 

4 Inn^ 2n ) 


Chapter 17, Problem 59. 

The complex Fourier series of the function in Fig. 17.83(a) is 
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Find the complex Fouríer seríes of the function h(t) in Fig. 17.83(b). 



(a) 




h(t)i 

2 











-2 

-1 

0 

2 

2 

3 

t 







(b) 


Figure 17.83 

ForProb. 17.59. 

Chapter 17, Solution 59. 

Forf(t), T = 2n, (Oo = 2n/T = 1. 

Uo = DC component = (lx7i + 0)/27i = 0.5 
For h(t), T = 2, (Oo = 27i/T = ti. 
ao = (2x1 -2xl)/2 = 0 

Thus by replacing (Oo = 1 with (Oo = 7i and multiplying the magnitude by four, 
we obtain 


h(t) = 


- Z 

n=-c 

n^O 


(2n + l)7i 


Chapter 17, Problem 60. 
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Obtain the complex Fouríer coeffìcients of the signal in Fig. 17.62. 


Chapter 17, Solution 60. 

From Problem 17.24, 

ao = 0 = an, bn = [2/(n7i)][l -2cos(n7i)], Co = 0 
Cn = (an-jbn)/2 = íi/fnTTÌI 12 cosfnTi:) - Ih n 0 . 


Chapter 17, Problem 61. 
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The spectia of the Fouríer seríes of a function are shown in Fig. 17.84. (a) Obtain the 
trígonometríc Fouríer seríes. (b) Caleulate the ims value of the function. 




Figure 17.84 
ForProb. 17.61. 


Chapter 17, Solution 61. 

(a) 0)o = 1. 
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f(t) = ao + ^A,, cos(nco„t-(l)„) 

= 6 + 4cos(t + 50°) + 2cos(2t + 35°) 

+ cos(3t + 25°) + 0.5cos(4t + 20°) 

= 6 + 4cos(t)cos(50°) - 4sin(t)sin(50°) + 2cos(2t)cos(35°) 

- 2sin(2t)sin(35°) + cos(3t)cos(25°) - sin(3t)sin(25°) 

+ 0.5cos(4t)cos(20°) - 0.5sin(4t)sin(20°) 

= 6 + 2.571costtì - 3.73sinttì + 1.635cost2tì 

- 1.147sin(2t) + 0.906cos(3t) - 0.423sin(3t) 

+ Q.47cos(4t) - 0.171sint4t) 


(b) 


frms^ = 6^ + 0.5[4^ + 2^+l^ + (0.5)^] = 46.625 


6.828 


Chapter 17, Problem 62. 
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The amplitude and phase spectra of a tmncated Fouríer seríes are shown in Fig. 17.85. 

(a) Find an expression for the periodic voltage using the amplitude-phase foim. See Eq. 
(17.10). 

(b) Is the voltage an odd or even fimction of tl 




Figure 17.85 

ForProb. 17.62. 


Chapter 17, Solution 62. 

(a) 

/(f) = 12 + 10cos(2íy^f + 90°)+8cos(4íy^í-90°) + 5cos(6<y^í+90°) + 3cos(8íy^f-90°) 

(b) f(t) is an even function of t. 


Chapter 17, Problem 63. 
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Plot the amplitude speetiTim for the signal (t) in Fig. 17.56(b). Consider the first five 
teims. 


Chapter 17, Solution 63. 

This is an even function. 

T = 3, coo = 2 k/ 3, bn = 0. 


f(t) = 


1, 0<t<l 

2, l<t<1.5 


2 , 2 

ao = — 


J T/2 2 

f(t)dt = - |ldt+J 2dt 


= (2/3)[l + 1] = 4/3 


T J) 3 

an = — J f(t)cos(nco^t)dt = — I Jlcos(2n7it/3)dt + J 2eos(2nTit/3)dt 


3 . f Innt 

-sm - 

2n;i l 3 


6 . f 2n7it 

+-sm - 

2n7i V 3 


= [-2/(n7T)]sin(2n7i/3) 


3 71 n^i 




ao = 4/3 = 1.3333, cOo = 27i/3, a^ = -[2/(n7i)]sin(2n7it/3) 
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- V^n +t>n - 


2 . f2nn 

— sin - 

n;i V 3 


Ai = 0.5513, A 2 = 0.2757, A 3 


0, A 4 = 0.1375, A 5 = 0.1103 


The amplitude speetia are shown below. 



Chapter 17, Problem 64. 


Given that 
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v(/) = — l + — cos27it + —cos47it - cos67rt -\— 

ttI 2 3 15 

draw the amplitude and phase spech'a for v(t). 

Chapter 17, Solution 64. 

The amplitude and phase specti a are shown below. 



Chapter 17, Problem 65. 


Given that 
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^ ^ í 20 , 3 . , 

/(/)= > cos -smzrî/ 

Vn n nn 

n=odd 


plot the tirst five teiTns of the amplitude and phase spectra for the function. 


Chapter 17, Solution 65. 

an = 20/(n^;i^), bn = -3/(nTi), con = 2n 
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An -V^n 


400 9 


3 L 44.44 
—1 1 + ^^’ 
nn V n n 


n = 1, 3, 5, 7, 9, etc. 


n 

A„ 

1 

2.24 

3 

0.39 

5 

0.208 

7 

0.143 

9 

0.109 


((>n = tan *(bn/an) = tan *{[-3/(nn)][n^n^/20]} = tan ’(-nx0.4712) 


n 

<|)n 

1 

-25.23° 

3 

-54.73° 

5 

-67° 

7 

-73.14° 

9 

-76.74° 

OO 

1 

o 

0 




Chapter 17, Problem 66. 

PS DeteiTnine the Fourier coeffieients for the wavefonn in Fig. 17.48 using PSpice. 
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Chapter 17, Solution 66. 


The schematic is shown below. The wavefoiTii is inputted using the attiibutes of 
VPULSE. In the Transient dialog box, we enter Print Step = 0.05, Final Time =12, 
Center Frequency = 0.5, Output Vars = V(l) and click enable Fourier. After simulation, 
the output plot is shown below. The output file includes the following Fourier 
components. 



R1 


FOURIER COMPONENTS OF TRANSIENT RESPONSE V(l) 
DCCOMPONENT= 5.099510E+00 

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED 
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NO 

(HZ) 

COMPONENT 

COMPONENT 

(DEG) 

PHASE (DEG) 

1 

5.000E-01 

3.184E+00 

l.OOOE+00 

1.782E+00 

O.OOOE+00 

2 

l.OOOE+00 

1.593E+00 

5.002E-01 

3.564E+00 

1.782E+00 

3 

1.500E+00 

1.063E+00 

3.338E-01 

5.347E+00 

3.564E+00 

4 

2.000E+00 

7.978E-01 

2.506E-01 

7.129E+00 

5.347E+00 

5 

2.500E+00 

6.392E-01 

2.008E-01 

8.911E+00 

7.129E+00 

6 

3.000E+00 

5.336E-01 

1.676E-01 

1.069E+01 

8.911E+00 

7 

3.500E+00 

4.583E-01 

1.440E-01 

1.248E+01 

1.069E+01 

8 

4.000E+00 

4.020E-01 

1.263E-01 

1.426E+01 

1.248E+01 

9 

4.500E+00 

3.583E-01 

1.126E-01 

1.604E+01 

1.426E+01 


TOTAL HARMONIC DISTORTION = 7.363360E+01 PERCENT 



Chapter 17, Problem 67. 


Calculate the Fourier eoefficients of the signal in Fig. 17.58 using PSpice. 
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Chapter 17, Solution 67. 
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The Schematic is shown below. In the Transient dialog box, we type “Prínt step = 0.0Is, 
Final time = 36s, Center ft'equency = 0.1667, Output vars = v(l),” and click Enable 
Fouríer. After simulation, the output file includes the following Fouríer components. 


1 

V1=0 

V2=4 

TD=1 
TR=1 
TF=1 
PW=2 

PER=6 


Prob. 16.51. 


FOURIER COMPONENTS OF TRANSIENT RESPONSE V(l) 

DC COMPONENT = 2.000396E+00 

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED 
NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG) 


1 

1.667E-01 

2.432E+00 

l.OOOE+00 -8.996E+01 

O.OOOE+00 

2 

3.334E-01 

6.576E-04 

2.705E-04 -8.932E+01 

6.467E-01 

3 

5.001E-01 

5.403E-01 

2.222E-01 9.011E+01 

1.801E+02 

4 

6.668E-01 

3.343E-04 

1.375E-04 9.134E+01 

1.813E+02 

5 

8.335E-01 

9.716E-02 

3.996E-02 -8.982E+01 

1.433E-01 

6 

l.OOOE+00 

7.481E-06 

3.076E-06 -9.000E+01 

-3.581E-02 

7 

1.167E+00 

4.968E-02 

2.043E-02 -8.975E+01 

2.173E-01 

8 

1.334E+00 

1.613E-04 

6.634E-05 -8.722E+01 

2.748E+00 

9 

1.500E+00 

6.002E-02 

2.468E-02 9.032E+01 

1.803E+02 



R1 


TOTAL HARMONIC DISTORTION = 2.280065E+01 PERCENT 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei-ved. No part 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher. or used beyond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual coui'se prepaiation. If you are a student using this Manuaf 
vou are using it without permission. 




Chapter 17, Problem 68. 

Use PSpice to fínd the Fourier eomponents ofthe signal in Prob. 17.7. 

Chapter 17, Solution 68. 

Since T=3, f=l/3 = 0.333 Hz. We use the schematic below. 



We use VPWL to enter in the signal as shown. In the transient dialog hox, we enable 
Fourier, select 15 for Final Time, O.Ols for Print Step, and lOms for the Step Ceiling. 
When the fíle is saved and ran, we obtain the Fourier coeffícients as part of the output fíle 
as shown below. 


FOURIER COMPONENTS OF TRANSIENT RESPONSE V(l) 
DC COMPONENT = -l.OOOOOOE+00 


HARMONIC FREQUENCY FOURIER NORMALIZED PHASE 
NORMALIZED 

NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG) 


1 

2 

3 

4 

5 

6 

7 

8 
9 


3.330E-01 

6.660E-01 

9.990E-01 

L332E+00 

L665E+00 

L998E+00 

2.331E+00 

2.664E+00 

2.997E+00 


L615E-16 

5.133E-17 

6.243E-16 

L869E-16 

6.806E-17 

L949E-16 

L465E-16 

3.015E-16 

L329E-16 


l.OOOE+OO 

3.179E-01 

3.867E+00 

L158E+00 

4.215E-01 

L207E+00 

9.070E-01 

L867E+00 

8.233E-01 


L762E+02 

2.999E+01 

6.687E+01 

7.806E+01 

L404E+02 

-L222E+02 

-4.333E+01 

-L749E+02 

-9.565E+01 


O.OOOE+00 

-3.224E+02 

-4.617E+02 

-6.267E+02 

-7.406E+02 

-L179E+03 

-L277E+03 

-L584E+03 

-L681E+03 
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Chapter 17, Problem 69. 


Use PSpice to obtain the Fourier coefficients of the wavefoiTn in Fig. 17.55(a). 


Chapter 17, Solution 69. 

The schematic is shown below. In the Transient dialog box, set Prínt Step = 0.05 s, Final 
Time = 120, Center Frequency = 0.5, Output Vars = V(l) and click enable Fouríer. After 
simulation, we obtain V(l) as shown below. We also obtain an output file which 
includes the following Fouríer components. 
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FOURIER COMPONENTS OF TRANSIENT RESPONSE V(l) 


DC COMPONENT = 5.0485lOE-01 

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED 
NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG) 


1 

5.000E-01 

4.056E-01 

l.OOOE+00 

-9.090E+01 

O.OOOE+00 

2 

l.OOOE+00 

2.977E-04 

7.341E-04 

-8.707E+01 

3.833E+00 

3 

1.500E+00 

4.531E-02 

1.117E-01 

-9.266E+01 

-1.761E+00 

4 

2.000E+00 

2.969E-04 

7.320E-04 

-8.414E+01 

6.757E+00 

5 

2.500E+00 

1.648E-02 

4.064E-02 

-9.432E+01 

-3.417E+00 

6 

3.000E+00 

2.955E-04 

7.285E-04 

-8.124E+01 

9.659E+00 

7 

3.500E+00 

8.535E-03 

2.104E-02 

-9.581E+01 

-4.911E+00 

8 

4.000E+00 

2.935E-04 

7.238E-04 

-7.836E+01 

1.254E+01 

9 

4.500E+00 

5.258E-03 

1.296E-02 

-9.710E+01 

-6.197E+00 


TOTAL HARMONIC DISTORTION = 1.214285E+01 PERCENT 



Time 
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Chapter 17, Problem 70. 

ReworkProb. 17.40 using 

Chapter 17, Solution 70. 

The schematic is shown below. In the Transient dialog box, we set Print Step = 0.02 s, 
Final Step = 12 s, Center Frequency = 0.5, Output Vars = V(l) and V(2), and click enable 
Fouríer. After simulation, we compare the output and output wavefomis as shown. The 
output includes the following Fouríer components. 



Os 2s í»s 6s 8s 10S 12s 

□ U(1) <. UC2> 

Time 
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FOURIER COMPONENTS OF TRANSIENT RESPONSE V(l) 


DC COMPONENT = 7.65805lE-01 

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED 
NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG) 


1 

5.000E-01 

1.070E+00 

l.OOOE+00 

1.004E+01 

O.OOOE+00 

2 

l.OOOE+00 

3.758E-01 

3.512E-01 

-3.924E+01 

-4.928E+01 

3 

1.500E+00 

2.111E-01 

1.973E-01 

-3.985E+01 

-4.990E+01 

4 

2.000E+00 

1.247E-01 

1.166E-01 

-5.870E+01 

-6.874E+01 

5 

2.500E+00 

8.538E-02 

7.980E-02 

-5.680E+01 

-6.685E+01 

6 

3.000E+00 

6.139E-02 

5.738E-02 

-6.563E+01 

-7.567E+01 

7 

3.500E+00 

4.743E-02 

4.433E-02 

-6.520E+01 

-7.524E+01 

8 

4.000E+00 

3.711E-02 

3.469E-02 

-7.222E+01 

-8.226E+01 

9 

4.500E+00 

2.997E-02 

2.802E-02 

-7.088E+01 

-8.092E+01 


TOTAL HARMONIC DISTORTION = 4.352895E+01 PERCENT 
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Chapter 17, Problem 71. 


Use PSpice to solve Prob. 17.39. 

Chapter 17, Solution 71. 

The schematic is shown below. We set Print Step = 0.05, Final Time = 12 s, Center 
Frequency = 0.5, Output Vars = 1(1), and click enable Fourier in the Transient dialog box. 
After simulation, the output wavefoim is as shown. The output fíle includes the 
following Fourier components. 


V1=2.5 

V2=7.5 

TD=0 

TR=0.01 

TF=0.01 

PW=1 

PER=2 


R1 


R2 



L1 



° I(L1) 

Tine 
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FOURIER COMPONENTS OF TRANSIENT RESPONSE I(L_L1) 


DC COMPONENT = 8.374999E-02 

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED 
NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG) 


1 

5.000E-01 

2.287E-02 

l.OOOE+00 

-6.749E+01 

O.OOOE+00 

2 

l.OOOE+00 

1.891E-04 

8.268E-03 

8.174E+00 

7.566E+01 

3 

1.500E+00 

2.748E-03 

1.201E-01 

-8.770E+01 

-2.021E+01 

4 

2.000E+00 

9.583E-05 

4.190E-03 

-1.844E+00 

6.565E+01 

5 

2.500E+00 

1.017E-03 

4.446E-02 

-9.455E+01 

-2.706E+01 

6 

3.000E+00 

6.366E-05 

2.783E-03 

-7.308E+00 

6.018E+01 

7 

3.500E+00 

5.937E-04 

2.596E-02 

-9.572E+01 

-2.823E+01 

8 

4.000E+00 

6.059E-05 

2.649E-03 

-2.808E+01 

3.941E+01 

9 

4.500E+00 

2.113E-04 

9.240E-03 

-1.214E+02 

-5.387E+01 


TOTAL HARMONIC DISTORTION = 1.314238E+01 PERCENT 
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Chapter 17, Problem 72. 

The signal displayed by a medieal deviee can be approximated by the wavefonn shown in 
Fig. 17.86. Find the Fouríer seríes representation of the signal. 



Figure 17.86 

ForProb. 17.72. 


Chapter 17, Solution 72. 

T = 5, coo = 2;i/T = InlS 

f(t) is an odd function. ao = 0 = a^ 


bn = — I f(t)sin(nco^t)dt = — I 10sin(0.4n7it)dt 


4 


8x5 

=-cos(0.47int) 

2 n7i 


= — [l-cos(0.4nT[)] 
n7i 


20 * 1 

f(t) = — V — [l-cos(0.4n7r)]sm(0.4n7rt) 
n “ín 


Chapter 17, Problem 73. 

A spectmm analyzer indicates that a signal is made up of three components only: 640 
kHz at 2 V, 644 kHz at 1 V, 636 kHz at 1 V. If the signal is applied across a 10-Í2 
resistor, what is the average power absorbed by the resistor? 

Chapter 17, Solution 73. 


P = 


R R 


= 0 + 0.5[(2^+1^ +1^10] = 3Q0 mW 
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Chapter 17, Problem 74. 


A ceitain band-limited periodic cuiTent has only three fiequencies in its Fourier seríes 
representation: dc, 50 Hz, and 100 Hz. The cuiTent may be represented as 

i(t) = 4 + 6 sin 1 OOTTt + 8 cos 1 OO^ 

- 3 sin lOOTTt - 4 cos 200m A 

(a) Express i(t) in amplitude-phase foim. 

(b) If i(t) flows through a 2-Q resistor, how many watts of average power will be 
dissipated? 

Chapter 17, Solution 74. 


(a) 


An = +b;, 


A, = Vó' +8' = 10, 


A2 = = 5, 


(|) = tan‘(Wan) 

(j), = tan"‘(6/8) = 36.87° 
= tan"‘(3/4) = 36.87° 


i(t) = 14 + IQcostlOOTCt - 36.87°ì - 5cost2007it - 36.87°ìl A 


(b) 


p = I^,R + 0.5 ;^i:R 

= 2[4^ +0.5(10^5^)] = 157 W 
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Chapter 17, Problem 75. 


e0d Design a lowpass RC tilter with a resistance R = lkCì. The input to the tilter is a 
periodic rectangular pulse train (see Table 17.3) with A=1 V, 7=10 ms, and r = 1 ms. 
Select C such that the dc component of the output is 50 times greater than the 
fundamental component of the output. 
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Chapter 17, Solution 75. 


The lowpass tilter is shown below. 

R 



Ax 2A 1 . nTiT 

v<5 =— +-> —sin-cosnco,.t 

“ T T +n T " 


1 


=—V„ co„=nío„=2n7i/T 

P I 1 1 + JCOnRC 


j®nC 


For n=0, (dc component), = Vg = — 
For the nth haimonie, 


Vn= , ^-^sin^Z-90‘’ 

Vl + co^nR^C^Ztan“* cOnRC ^ 


( 1 ) 


’iin, 1 l’ir I 2A . njIT 

When n=l, |Vn |=-;^sin^^ 


1 


|i + ^r"c" 


(2) 


From (1) and (2), 

At 2A . n 

— = 50x—sin — 
T T 10 


1 


1 + +^r2c" 

T 


-+ dl +—R^C^ = — = 3.09x1 o"^ 
T T 


1 + —R^C^ =10*° 
T 


, C = ^10^=l^:^^^M^ = 24.59mF 


2tiR 


471x10 
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Chapter 17, Problem 76. 


A períodic signal given by (t) = 10 Y for 0 < / <1 and 0 V for 1 < / < 2 is applied to the 
highpass íìlter in Fig. 17.87. DeteiTnine the value of R such that the output signal v^(t) 
has an average power of at least 70 pereent of the average power of the input signal. 


1 H 



Figure 17.87 

ForProb. 17.76. 

Chapter 17, Solution 76. 

Vs(t) is the same as f(t) in Figure 16.1 exeept that the magnitude is multiplied by 
10. Hence 



T = 2, cOo = 2;i/T = 2n, con = ncOo = 2n7i 

jcOnL = j2n7i; Z = R||10 = 10R/(10 + R) 

Vo = ZVs/(Z+j2n7i) = [10R/(10R+j2n;i(10 + R))]Vs 

^ 1 ORZ - tan{(n;i / 5R)(10 + R)} ^, 

VlOOR' +4n"n'(10 + R)" 

V, = [20/(nn)]Z0° 
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The source eurrent T is 


L = 


V 


V. 


(10 + R) 


20 


niT 


Z + j2mi lOR 1OR + j2n7i(l 0 + R) 

10 + R ■' "" 

20 

(10 + R) — Z-tan-‘{(n7i/3)(10+R)} 

_mi_ 

7iOOR" +4n"7i"(10 + R)" 


Ps = VuclDc+^XV..Is„cos(e„-j)„) 


For the DC ease, L acts like a short-eircuit. 
5 _5(10 + R) 


L = 


lOR 


lOR 


Vs = 5 = Vo 


Ps 


10 + R 
25(10+ R) 1 


lOR 


10 


+ — 
2 


20 


(10 + R)eos| tan'^ -(10+ R) 


Vi00R'+47i'(10 + R)' 


\2 


(10 + R)'cos 


tan” 


if 27T 


(10 + R) 


VlOOR' +167t'(10 + R)' 


Ps = 


Vpc ^ 1 •y' Vqii 
R 2tí R 


25 1 

-1- 

R 2 


lOOR 


lOOR 


lOOR" +47rtlO + R)" lOOR' +107x^10 + ^)' 


We want po = (70/100) ps = 0.7ps. Due to the complexity of the teims, we 
consider only the DC component as an approximation. In fact the DC component 
has the largest share of the power for both input and output signals. 

25(10 + R) 

R ~ lO^ lOR 

100 = 70 + 7R whieh leads to R = 30/7 = 4.286 Q 
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Chapter 17, Problem 77. 


The voltage across a device is given by 
v(t) = -2 +10 cos 4r + 8 cos 6t + 6 cos 
- 5 sin 4/ - 3 sin 6t - sin 8/ V 

Find: 

(a) the períod of v(í), 

(b) the average value of v(t), 

(c) the effective value of v(t). 


Chapter 17, Solution 77. 

(a) For the first two AC teiTns, the ft'equency ratio is 6/4 = 1.5 so that the highest 
common factor is 2. Hence coo ^ 2. 

T = 2;i/(jl)o = 2n/2 = n 

(b) The average value is the DC component = ^ 

(‘^) = Ja„+^j(aí+b^) 

V ^ 11=1 

V,"„„=(-2)"+^(10"+8'+6'+3"+V) = 121.5 

V™, = 11.02 V 
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Chapter 17, Problem 78. 


A ceitain band-limited períodic voltage has only three haimonics in its Fourier series 
representation. The haimonics have the following ims values; fnndamental 40 V, third 
haiTnonic 20 V, fifth haimonic 10 V. 


(a) If the voltage is applied across a 5- Q resistor, find the average power dissipated by 
the resistor. 

(b) If a dc component is added to the períodic voltage and the measured power dissipated 
increases by 5 percent, deteimine the value of the dc component added. 


Chapter 17, Solution 78. 


(a) 


_ 


R 


■+-Z— 

R 


V" 

V n 


,V.f 


R 


R 


= 0 +(40^/5)+ (20^/5)+ (10^/5) = 420 W 
(b) 5%increase = (5/100)420 = 21 
V^ 

Pdc = 21 W = which leads to Vj^^ = 21R = 105 

R 

Vdc = 10.25 V 
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Chapter 17, Problem 79. 


Wríte a program to compute the Fouríer coefficients (up to the lOth haimonic) of the 
square wave in Table 17.3 with A = 10 and 7=2. 


Chapter 17, Solution 79. 

From Table 17.3, it is evident that a^ = 0, 

K = 4A/[;i(2n-l)], A = 10. 

A Foitran program to ealculate bn is shown below. The result is also shown. 

C FORPROBLEM 17.79 

DIMENSION B(20) 

A = 10 

PIE = 3.142 

C = 4.*A/PIE 

DO 10N= 1, 10 

B(N) = C/(2.*FLOAT(N)-l.) 

PRINT *,N,B(N) 

10 CONTINUE 

STOP 
END 


n 

bn 

1 

12.731 

2 

4.243 

3 

2.546 

4 

1.8187 

5 

1.414 

6 

1.1573 

7 

0.9793 

8 

0.8487 

9 

0.7498 

10 

0.67 
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Chapter 17, Problem 80. 

Wríte a computer program to ealeulate the exponential Fouríer series of the half-wave 
rectified sinusoidal euiTent of Fig. 17.82. Consider teims up to the lOth haimonic. 

Chapter 17, Solution 80. 

From Problem 17.55, 

= [l+e-n/[2JT(l-n')] 


This is calculated using the Foilian program shown helow. The results are also 
shown. 


C FORPROBLEM 17.80 

COMPLEX X, C(0:20) 

PIE = 3.1415927 
A = 2.0*PIE 
DO 10 N = 0, 10 
IF(N.EQ.l)GO TO 10 
X = CMPLX(0, PIE*FLOAT(N)) 

C(N) = (L0 + CEXP(-X))/(A*(1-FLOAT(N*N))) 
PRINT *, N, C(N) 

10 CONTINUE 

STOP 
END 


n 

Cn 

0 

0.3188 +jO 

I 

0 

2 

-0.1061 + i0 

3 

0 

4 

-0.2121x10-^10 

5 

0 

6 

-0.9095x10-^ + 10 

7 

0 

8 

-0.5052x10-^+j0 

9 

0 

10 

-0.3215x10-^+ Ì0 
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Chapter 17, Problem 81. 


Consider the ftill-wave rectifìed sinusoidal euiTent in Table 17.3. Assume that the cuiTent 
is passed through a 1 - Q resistor. 

(a) Find the average power absorbed by the resistor. 

(b) Obtain foYn= 1,2, 3, and 4. 

(e) What fiaction of the total power is caiiied by the dc component? 

(d) What fraction of the total power is canied by the second haiTnonic {n = 2)? 

Chapter 17, Solution 81. 





f(t) 


2A 

n 


4A^ 1 

Và4n^-1 


eos(nco^t) 


The total average power is 


Pavg 


Frnis^R ^ Frnis^ since R = 1 ohm. 


Pavg = = Y[f^(t)dt = OjV 

(b) From the Fouiier seiies above 

|Co| = 2A/n, |Cn| = |an|/2 = 2A/[n(4n^ - 1)] 


n 

COq 

|Cn| 

|CoP or 2|Cn|^ 

% power 

0 

0 

2A/ti 

4A2/(ji^) 

81.1% 

1 

2(Oo 

2A/(37i) 

8A^/(9ji^) 

18.01% 

2 

4coo 

2A/(15ji) 

8A^/(225jr^) 

0.72% 

3 

6coo 

2A/(35ji) 

8A^/(1225jc^) 

0.13% 

4 

8cOo 

2A/(637i) 

8A^/(3969jc^) 

0.04% 


(c) 81.1% 


(d) Q.72% 
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Chapter 17, Problem 82. 


A band-limited voltage signal is found to have the complex Fourier eoefficients presented 
in the table below. Calculate the average power that the signal would supply a 4- Q 
resistor. 


na)„ 

K. 

dn 

0 

10.0 

0“ 

co 

8.5 

15“ 

1(0 

4.2 

30“ 

3 (ú 

2.1 

45“ 

A(o 

0.5 

60“ 

5(0 

0.2 

75“ 


Chapter 17, Solution 82. 


p = 

R 2^ R 

Assuming V is an amplitude-phase foim of Fourier series. But 
|An| = 2|Cn|, Co = ao 
|A„p = 4|C„|" 


Hence, 


Altematively, 


p = 

R 


p = 


V,i 


R 


where 


1 


11=1 11=1 ll=-oc 


= 10^ + 2(8.5^ -I- 4.2^ + 2.r -H 0.5^ + 0.2^ 
= 100 + 2x94.57 = 289.14 
P = 289.14/4 = 72.3 W 
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Chapter 18, Problem 

±1 


ML 


1 . 


Obtain the Fouríer tiansfoiTn of the function in Fig. 18.26. 



Figure 18.26 

ForProb. 18.1. 


Chapter 18, Solution 1. 


f’(t) = ô(t + 2) - S(t +1) - 5(t -1) + 5(t - 2) 

j(jL)F(co) = e-'^“ - e-''^ - e“-'“ + e“-'“^ 

= 2cos2co-2cosco 

^ 2[cos2{o-cosct)] 

F(co) = -^- 

jco 
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Chapter 18, Problem 2. 


±í 


ML 


What is the Fourìer tiansfomi of the hiangular pulse in Fig. 18.27? 


/(0 - 


1 

z] 



0 1 t 


Figure 18.27 
ForProb. 18.2. 


Chapter 18, Solution 2. 

f(t) = 


t, 

0 , 


0<t<l 

othemise 


i 

l‘(t) 



- ► 


t 

0 1 

f’(t) = 5(t)-5(t-l)-5'(t-l) 


Taking the Fourìer transfomi gives 
-co^F((o) = 1 -e'j“-jcoe'-'“ 

(l + j(D)e'"-l 


F((o) = 


(Ù 



or F(co) = j[te dt 

ax 

But fx e''’'dx = ^(ax -1) + e 
a 

I 1 r n 

F((o) = —^ (-j(ot -1) ‘ = — [(l + jco>-*“ - ij 
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Chapter 18, Problem 3. 

±í 


ML 


Calculate the Fourìer transfonn of the signal in Fig. 18.28. 



Figure 18.28 

ForProb. 18.3. 


Chapter 18, Solution 3. 


f(t) = tt,-2<t<2, f'(t)-^,-2<t<2 


F(co)- £^td“‘dt = 


. , (-jcot-l)^, 

2(-J(o) ' 


• ^ (-jco2 -1) - (jco2 -1)] 

2co 




jco2le 


-jcûl j_^jQ)2j_^^j(B2 


+ e-’ +e 


-jw2 


=-^(-jco4eos2co +j2sin2co) 

2co 

F(co) = -T (2coeos2co-sin2co) 
co^ 
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Chapter 18, Problem 4. 


±í 


ML 


Find the Fourier transform of the waveform shown in Fig. 18.29. 



Figure 18.29 

ForProb. 18.4. 
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Chapter 18, Solution 4. 



^Ô’ft+lì 


4ô(t) 


-1 


-2ô(t+n 


-25(t-n 

-25’(t-n 


g" = -2ô(t +1) + 2ô'(t +1) + 4ô(t) - 25(t -1) - 2ô'(t -1) 

(jcû)^ G(cû) = -2e+ 2jcoe+ 4 - 2e"j“ - 2jcoe'j“ 
= -4cosco-4(josinco + 4 


= —T (tíos co + cosin co -1) 

ûT 
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Chapter 18, Problem 5. 

±í 

ML 

Obtain the Fourier transform of the signal shown in Fig. 18.30. 



Figure 18.30 

ForProb. 18.5. 


Chapter 18, Solution 5. 
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h"(t) = 5(t + l)-ô(t-l)-2ô'(t) 

(j(o)^H(&)) = 6-*“ -2j(o = 2jsin&)-2j(o 


H((o) = 


—-^sina) 

® (O^ 


Chapter 18, Problem 6. 
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ML 

Find the Fourier transforms of both functions in Fig. 18.31 on the following page. 


f(t) 

10 


1 

(a) 



Figure 18.31 

ForProb. 18.6. 


Chapter 18, Solution 6. 

(a) The derivative of f(t) is shown below. 
f(t) 



/ \t) = 5S(t) + 5S(t - 1) -Ì0ô(t - 2) 

Taking the Fourier transform of each term, 


Fico) 


5 + 5g~^'”-10g 


(b) The derivative of g(t) is shown below. 


6 
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lOÔ(t) 


0 1 2 


-5 


-5S(t-l) 

The second derivative of g(t) is shown below. 
g”(t) 



g”(t) = lOÔ’(t) - 5ô’(t-l) - 5ô(t-l) + 5ô(t-2) 

Take the Fourier transform of eaeh term. 

(ja))^G(jto) = lOjío - 5jcoe — 5e + 5e ■'^“ whieh leads to 


GO'co) = (-10i<o + 5itoe~j“ + 5e~j“-5e~j^“ )/a)^ 


Chapter 18, Problem 7. 
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Find the Fourier transforms of the signals in Fig. 18.32. 



Figure 18.32 

ForProb. 18.7. 

Chapter 18, Solution 7. 

(a) Take the derivative of fi(t) and obtain fi’(l) shown below. 
4?5(t) 


0 1 

-S(t-l) -Ô(t-2) 

f;it) = 2S(t)-â'(t-l)-â(t-2) 

Take the Fourier transform of each term, 
jcoFfco) = 2-e-^‘’ 


FfCO): 


jca -j2ca 


2-e-^^-e 

jco 


(b)f2(t) = 5t 

oc 2 

F^(co) = j f^itY'^^dt = j5te-^‘’dt 

-oc 0 


5 

(-jcoY 


e-’^(-jco-l) 


2 

0 


5e-^^‘’ 5 

F,(co) = ^^(l + jco2)- — 

(ú 

Chapter 18, Problem 8. 
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Obtain the Fourier transforms of the signals shown in Fig. 18.33. 



(a) 



(b) 


Figure 18.33 

ForProb. 18.8. 


Chapter 18, Solution 8. 


1 2 

F(co)= j2e“j“'dt+ j(4-2t)e“j“‘dt 
(a) 0 1 

-JCO ^ -jco ^ ^ 

F(co) = A + A e-j“ + A _ A e-J2» _ A (1 + j2co)e- j^“ 
co^ jco jco jco 0)2 


(b) g(t) = 2[ u(t+2) - u(t-2) ] - [ u(t+l) - u(t-l) ] 


, 4sin2co 2smco 

G(co) =- 

co co 


Chapter 18, Problem 9. 
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Determine the Fourier transforms of the signals in Fig. 18.34. 



(a) 



(b) 


Figure 18.34 
ForProb. 18.9. 


Chapter 18, Solution 9. 

(a) y(t) = u(t+2) -u(t-2) + 2[ u(t+l)-u(t-l) ] 

'VT'/ \ ^ ■ 

Y(ol)) = —sm2co + —smco 
co co 


1 

(b) Z(co) = j(-2t)e“j“‘dt 

0 


-2e-j“‘ 


(-jcût-l) 


-co 


ll 

lo 



2e“j"' 

—^(1 + jío) 
co 


Chapter 18, Problem 10. 
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Obtain the Fourier transforms of the signals shown in Fig. 18.35. 




Figure 18.35 

ForProb. 18.10. 


Chapter 18, Solution 10. 

(a) x(t) = e^'u(t) 


X(co) = l/(-2 + ì(o) 


(b) e 


e t > 0 
e‘, t<0 


Y{(o) = £y(t)eJ“‘ dt = £e‘ e^“‘ dt+ |e-‘ e-^“‘ dt 




1-jco 


-1 + 


-(1 + jco) 


1 

0 


1 + 0 )" 


--e 


eoso) +jsino) ^ eoso)-jsino) 


1-jO) 


1 + jO) 


Y(o)) = —'(coso-cosinco)] 


1 + 0 


Chapter 18, Problem 11. 
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Find the Fourier tiansfoiTn of the “sine-wave pulse” shown in Fig. 18.36. 



Figure 18.36 
ForProb. 18.11. 


Chapter 18, Solution 11. 

f(t) = sin Ti t [u(t) - u(t - 2)] 


F((o) = _(smîite dt = ^ f (e'" " e )e 


jíot 


dt 


2j 


f<' 


^+j(-ÍO+Jl)t ^-j(Cû+n)t 


)dt] 


2j 


1 


-j((0-Tl) 


^-j(to-Ji)t 


-j(to+Ji)t 

" -j(0)+Jl)l" 


l/l_e-j2<“ i_e 


21 JT-(0 JT + (0 


- ^ -;-(2jT + 2jTe 

2(jt"-(o")^ ^ 


F(û)) = V^(e^“^-l) 


(X) -71 


Chapter 18, Problem 12. 
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Find the Fourier transform of the following signals. 


(a) /j(í) = e sin(10í)M(t) 

(b) /j (t) = É;-"'cos(10t)M(í) 


Chapter 18, Solutíon 12. 


(a) F,{co) 

(b) F,{(o) 


10 

(3 + )6;)^ + 10Ô 

4 + 76 ^ 

( 4 +»" + 100 


Chapter 18, Problem 13. 
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Find the Fourier transform of the following signals: 

(a) /(t) = cos(ar - ;r/3), -od < / < oo 

(b) g(t) = ií(t+ l)sin;7-t, -oo < / < oo 

(c) h(t) = (1 + A sin at) cos bt, -oo < / < oo, where A, a and b are constants 

(d) /(t) = l - t, 0< t < 4 

Chapter 18, Solution 13. 

(a) We know that F[cos at] = :n:[S(co - a) + 5 (ol) + a)]. 

Using the time shifting property, 

F[cos a(t - n / 3a)] = [ô((o - a) + ô(co + a)] = jie~j” ^ ^S((o - a) + ne ^ ^S((o + a) 

(b) sin n(t +1) = sin jrt cos n + cos Jtt sin n = - sin jrt 
g(t) = -u(t+l) sin (t+1) 

Let x(t) = u(t)sin t, then X((o) =- \ -= — 

(j(0)+l l-(0^ 

Using the time shifting property, 

1 • e-i“ 

G((o) =-L^eJ“=^ 

l-(0^ (0^-1 

(c ) Let y(t) = 1 + Asin at, then Y(co) = 2 ti5(co) + j7iA[5(co + a) - 5(co - a)] 

h(t) = y(t) cos bt 

Using the modulation property, 

H((o) = t [ Y((o + b) + Y((o - b)] 

H((o) = Jt[5((o + b) + ô((o-b)]+ ^^^^[ô((o + a + b) -ô((o-a + b) + ô((o + a-b) -ô((o-a-b)] 


4 -jcot -Jcût 1 -j4cû -j4co 

(d) I(( 0 )= í(l-t)e-J“‘dt = —-^(-j( 0 t-l) Ij =—-^-^(j4(0 + l) 

J -J(0 -co^ (o^ Jto (O^ 


Chapter 18, Problem 14. 

PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pait 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher. or used beyond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 
vou are using it without permission. 



Find the Fourier transforms of these fiinctions: 


(3L)f(t) = e ^ cos(3/+ :^)u(t) 

(b) g(t) = sin 7rt[ií(t + ì)-ii(t-l)] 

(c) h(t) = e eos tt tu(t - 1) 

(d) p(t) = e sin 4tu(-t) 

(e) q(t) = 4 sgn(t - 2) + 3 J (t) - 2u(t - 2) 


Chapter 18, Solution 14. 
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cos(3t+ îi) = cos3tcos7i-sin3tsin7i = cos3t(-l)-sin3t(0) = 
f(t) = -e ‘ cos3tu(t) 

Fft») = 

(l + jío) +9 


-cos(3t) 


i 

1 - 

-1 

k g(0 

A 

\ / 

1 

t 

V/ 

- -1 


í 

-l/ 



/- 

V 

w 

t 

t-l)-u(t-l)] 




g"(t) = -Jt"g(t) - 3tÔ(t +1) + JtÔ(t -1) 

- co'G(co) = -Jt"G(co) - Jte‘“ + Jte-‘“ 

(jt^ -co^)g(co) = -Jt(e-'“ -e”-'“) = -2jjtsin( 

, _ 2j7tsincí) 


G(co) = 


CO^ -Jt^ 


Altematively, we compare this with Prob. 17.7 
f(t) = g(t- 1) 

F(co) = G(co)e'J“ 

G(co) = F(co)e'“ = / ^ (e”'“ - e'“) 

CO —71 

_ - j2;isin(jL) 


2 2 

CO -7Í 


lÌTlSÌllCO 
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COSTlt 


(c) 

and 


cosn(t-l) = cosTrtcosn + sinntsinn = cosnt(-l) + sinnt(0) = - 
Let x(t) = cos Ji(t - l)u(t -1) = -e^h(t) 

y(t) = c“^‘ cos(nt)u(t) 

Y(co)= ^ 

(2 +jco) +n 

y(t) = x(t-l) 

Y(co) = X(co)e“'“ 

(2 + jco) +31 
X(co) = -e'H(co) 


H(co) = -e“"X(co) 
-(2 + jco)ei““^ 

(2 + jco)^ + n^ 


(d) Let x(t) = e“^‘ sin(-4t)u(-t) = y(-t) 
p(t) = -x(t) 

where y(t) = e^‘sin4tu(t) 

2 + jco 


Y(co) = 


(2 + jco)^+4^ 


X(co) = Y(-co) = 
p(co) = -X(co) = 


■jco 


(2-jco)^+16 

je)-2 

(jco-2)" +16 


(e) Q(co) = —e“'“' + 3-2Í 3XÔ(co) + — ìe“'“' 
Q(co) = — e'®'+3-23tô((o)e“'‘“' 

j® 


Chapter 18, Problem 15. 
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Find the Fourier transforms of the following fiinetions: 

(a) /(í)= <5(í+3)- S{t-3) 

(b) /(í)= r 2S{t-X)dt 


{c)f{t)= S{it)- S'{2t) 


Chapter 18, Solution 15. 

(a) 

F^co^^ej'” = 2jsin3co 

(b) 

Let g(t) = 2Ô(t-l),G(co) = 2e 


F(co)= Fj^j'^g^Gdtj 


= + JiF(0)8(co) 




^^ + 2nô(-l)ô(co) 

jro 

2e~’" 

jo> 


(t^) 


F[S(2t)| = t.i 


F(») = i 



3 2 


Chapter 18, Problem 16. 
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* Determine the Fourier transforms of these funetions: 


(a)f(t) = 4/t^ (b)g(t) = m + t^) 


* An asterish indicates a challenging problem. 


Chapter 18, Solution 16. 

(a) Using duality properly 


or 


t ^ 


-2 


co 


— ^ 2;i|co| 


t^ 


^ -47t|(j3| 


F(co) = F 



(b) e 


-|a|t 


2a 


a^ +co^ 


2a 


a^ +t^ 


-> 2;ie 


-a|co| 


a^ +t^ 


-> 4nc 


-2|co| 


G(co) =F| —^ | = 4jte 


4 + f 


-2\g>\ 

a I I 


Chapter 18, Problem 17. 

PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher. or used beyond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual coui'se prepaiation. If you are a student using this Manuah 
vou are using it without permission. 



Find the Fourier transforms of: 


(a) cos 2tu(t) 


(b) sin ÌOtu(t) 


Chapter 18, Solution 17. 

(a) SinceH(co) = F (cosû)yt f(t)) = ^[F((j3+(jL)y) + F(co-coQ)] 
where F(co) = F [u(t)] = 7iô(co) + —, oOq = 2 


H(co) = ^ 


tiô((o + 2)+ +nS((M-2) + ^-^ 

j(cû + 2) j(cû-2)_ 


= f[5(co + 2)+ô(co-2)]-i 
2^^ ^ ^ 2L(co + 2Xco-2) 

H(co) = ^[s(cí) + 2)+0(00-2)]- 

2 00 -4 


(b) G(co) = F [sin cogt f (t)] = — [f(co + co„ ) - F(co - cog)] 


where F(co) = F [u(t)] = n5(co) + — 

j® 

1 


G(c») = ^ 


n5(co + 10 )- 


j(co + 10) 


nô(co -1 0 ) - 


j(co-10)J 


= ^[5(co + 10)-ô(co-10)]+il J 


J 


_ Jtt 


[5(a) + 10)-5(G)-10)]- ^ 

2 00 -100 


co-10 co + 10 

10 


Chapter 18, Problem 18. 
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Given that F{cú) = F[/(t)], prove the following results, using the detinition of Fourier 
transform: 

(a) F{f{t-t,)] =e-’^"Fico) 

'df(t) 


{h)F 


dt 


-j(oF{(o) 


(c)F[/(-/)] = F(-®) 

{d)F[tý{t)]=j^F{(o) 

dco 


Chapter 18, Solution 18. 

00 

(a) F[f{t-t„)]= jf{t-t„)e-’-‘dt 

-00 

Let t-t^=À -> t = À + t^, dt = dÀ 

00 

F[f(t-0] = f f{Oe-^“’0-^^‘^dl =e-^'‘“^F{(o) 

-00 

(b) Giventhat /(í) = (^y)] = j°° F’(íy)í;^‘“'í/<y 


/’(?) = 


. 00 

^ jF’(íy)e^'“Jt = jíyF’”/F’(íy)] 

—00 


or 

F[f'{t)] = j(oF{(o) 


(e ) This is a speeial ease of the time sealing property when a = -1. Henee, 
F[f{-t)] = ^F{-(o) = F{-(o) 


(d) F{(o)=r f{t)e-t^‘dt 

J— 00 

Differentiating both sides respeet to co and multiplying by t yields 
j = j ] {-jt)f{t)e-’‘^dt = jí/(í)í.-^‘“'Jí 

Hence, 

ì^^ = F[tf(t)] 

dcú 

Chapter 18, Problem 19. 
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Find the Fourier transform of 
f(t) = COS 2 jTT t[u(t) - u(t - 1)] 


Chapter 18, Solution 19. 

F(a)) = £ f(t)eJ“‘ dt = ^ I + e'J^' )e-J“‘ dt 

F(co) = ^ I ]dt 


-j((o + 2ji) 


^-j(íû+2lt)t 


1 


^-j(ío+2ji) _I 


-j(co-27i) 

^-j(ío-2jr) 


^-j(í)0-2ji)t 


j(co + 2jr) j(co-2jT) 


But 


= eos2;i +jsin2;i = 1 = e 


F(co) 


ií - l Y 1 1 ^ 

2( j j(co + 2jr co-2ji^ 


(O^ -471^ 



Chapter 18, Problem 20. 
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(a) Show that a periodic signal with exponential Fourier series 


/w= 

/2=-0O 

has the Fourier transform 

00 

F(co)= 

n=-co 

where cOq^IttIT. 

(b) Find the Fourier transform of the signal in Fig. 18.37. 



Figure 18.37 

ForProb. 18.20(b). 


Chapter 18, Solution 20. 
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(a) F(Cn) = Cn5(C0) 

F{c„e^”“"‘)=c„ô(co-nco„) 

^ í Z‘^. 1 ^"’“' “ = 2 c„ô(co-nco„) 

Vn=-oc y n=-oo 

(b) 7 = 2* -► m. = (î = l 

..=iff(,y'--'d.= i(fl.e-"dt + o) 


J_ 

2ji 



J_(e-J'--l) 
2jm^ ’ 


But e = cosn;i +jsinn;i = cosnTi = (-1)” 


c 


II 




0, ii=eveii 

—, ii=odd,ii?t0 

iiJi 


for n = 0 


c 


II 



2 


Hence 



=LeJ"“ 

n;i 


ll;í0 
II =odd 


F(co) = 


-8co- £ 


n?í0 

n=udd 


— ôíco-n) 
nn 


Chapter 18, Problem 21. 
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Show that 


r 

( sinao;^ 

L 

V aco j 


dco = 


71 


Hint: Use the fact that 
F[u{t + a) - u{t - a )] = 2a 


sinao; 


aco 


Chapter 18, Solution 21. 

Using Parsevars theorem, 


r f+t)dt=^r iF(co)pdío 

j-oo 2 tc 


If f(t) = u(t+a) - u(t+a), then 


r f-(t)dt= f (i)^dt 


= 2t, r 

2tc 


aco J 


or 


r 

( sin aco^ 

ioo 

^ aco J 


dco = 


47ia 


— as required. 
a 


Chapter 18, Problem 22. 

Prove that if cy) is the Fourier transform of/(/), 
F[f(t)sinú} J] = 7 [F((o + co „)-F((o - <yj] 


Chapter 18, Solution 22. 




/^[f^t^sinco^t]^ r f(t)-^^^^--^e ■''^^dt 

+<- 2j 


2j 


£ f(t)e-'^“-“">‘dt- £ e 


-j(tû-|-{ú,| )t 


dt 


= ^[F(a>-(oJ-F(co + (o„)] 


Chapter 18, Problem 23. 
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If the Fourier transform of/(í) is 


(2 + 7íu)(5 + j(o) 

detemaine the transforms of the following: 

(a)/(-3t) (b)/(2r-l) (c)/:í)cos2r 

(d) (e) f fit)dt 

dt 


Chapter 18, Solutíon 23. 


(a) f(3t) leads to 


ì_ _l^_ 

3'(2 + jco/3X5 + jco/3) 


F [f(-3t)] 


30 

(6-jcoXl5-jco) 


30 

(6 +jcoXl5 +jco) 


(b) f(2t)- 


f(2t-l) = f[2(t-l/2)] 


J_ _10_ 20 

2 ■ (2 + jco/2)(l 5 + jco/2) " (4 + jco)(l 0 + jco) 


(4 + j<o)(l0 + jco) 


(c) f(t) cos 2t-► ^ F(co + 2) + ^ F(co + 2) 


[2 + j(<o + 2)][5 + j(<o + 2)] [2 + j(co - 2^5 + j(co - 2)]] 


(d)F[f'(t)] = jcoF(co) = - 


jcolO 


(2 + jco)(5 + jco) 

(e) f f(t)dt-► 4^ + nF(0)ô(co) 

J- j(co) 


10 


, ^ + JIòlco)- 

jco(2 +jco)(5 + jco) 2x5 


10 


j<o(2 + jft)X5 + j<o) 


+ jrô(<o) 
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Chapter 18, Problem 24. 


Giventhati^[/(í)] = (j /co)(e 


(a)4í)=/(í) + 3 


(b) j(í)=/(t-2) 

(c) /i(í)=/’(t) 

(d) g(/) = 4/[^|íj+i0/j^^íj 


1), tind the Fourier transforms of: 


Chapter 18, Solution 24. 

(a) x(a)) = F(a))+ F[3] 

= 6nô(o))+—(e“'®-l) 

(Ù 


(b) y(t) = f(t-2) 

• -j2ío . . 

Y(a)) = e ■'‘“"F(a)) = ^ -(e“*“ -1) 


(c)If h(t) = f-(t) 

H(a)) = ja)F(a)) = jo)^(e-j-” -1) = l-e~'“ 


(0 


/2 ' 

] /5 ) 

-t 



) j 


. 3 ( 

'3 "ì 

1 3 ( 

'3 

4x-F 

— co 

-flOx-F 

-co 

2 

.2 j 

1 5 

.5 j 


= 6-^(e-^''“'^ 

— 0 ) 

2 



i) 


j^/^-j3«)/2 x) I 

co ^ co 


l) 
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Chapter 18, Problem 25. 

Obtain the inverse Fourier transform of the following signals. 
5 


(a)F(íy) = 
(h)H{co) = 
(c)X(íy) = 


j(o-2 

12 

(o^ +4 


10 


(j(o-l)(j(o-2) 


Chapter 18, Solution 25. 

(a) g(t) = 5eMt) 

(b) h(t) = 6e~^‘' 


(c) X((o) = -^ + ^-:, s = jco 


s-\ s-2 


A = —= -10, B = -'^ = 10 

1-2 2-1 


X((o)-- 


-10 10 

- + - 


ìú)-\ jco-l 


x{t) --\{^eu{t)-^\{}e^^u{t) 
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Chapter 18, Problem 26. 

Determine the inverse Fourier transforms of the following: 


-jlco 

(a)F(«)=f— 

\ + ] 0 ) 


(h)H{a>) = 
(c) G{co) = 


1 

{i(o + 4Ý 

lu{(jo + \) - 2 u{( 0 -\) 


Chapter 18, Solution 26. 

(a) f(t) = e-(^-%(t) 

(b) h(t) = te-"^*u(t) 

(c) If x(t) = u(t + l)-u(t-l) 
By using duality property, 
G(co) = 2u(co +1) - 2u(co -1) 




X(co) = 2 


sinco 

co 




g(t) = 


2sint 

7lt 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei’ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher. or used beyond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual coui'se prepaiation. If you are a student using this Manuah 
vou are using it without permission. 



Chapter 18, Problem 27. 


Find the inverse Fourier transforms of the following fiinctions: 
100 


(ii)F(o}) = 
(b) G(ú}) = 
io)H(o}) = 
(d)Y(o}) = 


jo}(jo}+ 10) 

^Ojd) 

(-jo} + 2)(jo} + 3) 

_60_ 

— 0 }^ + j4-0o} + \300 
S(0}) 


(jo} + l)(jo} + 2) 


Chapter 18, Solution 27. 


(a) Let F(s) = 


100 A B 
s(s + 10) s s + 10 


a = 1^ = io,b = M = _io 
10 -10 


10 


10 


f(co) = 

jco jco + 10 

f(t) = 5sgii(t)-10e"“*‘u(t) 


s = jco 


(b) G(s) = 


lOs 


A B 

+-S = JCO 


(2 - sX3 + s) 2-s s + 3 


, 20 , ^ -30 , 

A = — = 4, B =-= -6 

5 5 

G(co) =- - -^ 

= -jco + 2 jco + 3 

g(t) = 4e^‘u(-t)-6e"*‘u(t) 


(c) H(co) = — 


60 


60 


(jco)' + j40co +1300 (jco + 20)' + 900 
h(t) = 2e"^“‘sin(30t)u(t) 

(d)y(t)=-‘-f= 

2n-L» (2 + jco)(jco + l) 2 2 4 
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Chapter 18, Problem 28. 


Find the inverse Fourier transforms of: 

(a)-- 

(5 + ico)(2 + jco) 


lOÔ((o + 2) 
j(o(jco + l) 


20S((o-l) 

(2 + j(o)(3 + j(o) 


,d) — 5 — 

5 + j(o j(o(5 + j(o) 
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Chapter 18, Solution 28. 


^ jíot 


(a) f(t) = — r ^(0)6^““ dco = — r -dco 

^■n' 2n (5 + jco)(2 + jco) 


2n 
1 1 


1 


2 (5)(2) 20 


0.05 


(b) 


(d) 


2n jco(jco + l) 

^ (-2 + j)e-^^‘ 

2n 


10 


-j2l 


271 (-j2)(-j2 + l) 




2 itl-j2 _ 

1 r 205(co-l)eJ“‘ 


dco = 


20 




271 (2 + jco)(3 + 5cû) 27t (2 + j)(3 + j) 

20e'‘ (l-j)e'‘ 


2Jt(5 + 5j) 


. 57tô(co) 5 

Let F(co) =-^ + 


(5 + jco) jco(5 + jco) 

f,„) = ±ríî5We'“dco = íî,i = 0,5 

2ji ■>-* 5 + jco 2jt 5 


Fi(co) + F2(co) 


F,(s) = 


= — + -^ , A = 1,B = -1 


s(5 + s) s s + 5 


F,(co) = -^-- 


1 


jco jco + 5 


F 2 (t) = ^sgn(t)-e“^‘ =-^ + u(t)-e^‘ 


f(t) = f)(t) + f,(t)= u(t)-e-^‘ 
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Chapter 18, Problem 29. 


* Determine the inverse Fourier transforms of: 

{^)F{û)) = AS{co +3)+ J(íy) + 4J(íy-3) 
(b) G{co) = Au{co +1)- Au{co -2) 

{c) H{co) = 6 cos 2co 


An asterisk indicates a challenging problem. 


Chapter 18, Solution 29. 


(a) f(t) = F~^ [ô((o)] + F 

1 4cos3t 
—- 1 - 

2n n 


(b) 


-i[4ô(co + 3) + 4S(û)-3)] 


— (l + 8cos3t) 
2n 


If h(t) = u(t + 2) - u(t - 2) 
2 sin2(jo 


H(co) = 


co 


G(co) = 4H(co) 

4sin2t 

g(t) = - 

nt 


. . 1 8sin2t 

g(t) = :^— 

2n t 


(c) Since 

cos(at) 7i8(co + a) + ti5(co - a) 
Using the reversal property, 

2n cos 2co ++ ;iô(t + 2) + ;i5(t - 2) 
F'i = 3ô(t + 2) + 3ô(t - 2) 


or 
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Chapter 18, Problem 30. 


For a linear system with input x(t) and output y(/) find the impulse response for the 
following cases: 

(a) x(t) = e u(t), y(t) = u(t) - u( -1) 

(b) x(t) = u(t), y(t) = eu(t) 

(c) j(t) = S (t), y(t) = e sin btu(t) 

Chapter 18, Solution 30. 


(a) y(t) = sgn(t) 


Y((o) = —, X(co) = 


H(c„) = XÍ£>,ííiiN=2 + ^ 

X(co) jco jco 


a + jco 

h(t) = 25(t) + a[u(t)-u(-t)] 


(b) X(co) = -—, Y(co) = —— 

1 + jco 2 + jco 


H(») = tÌ!î^ = l- L 

2 + jco 2 + jco 


h(t) = ô(t)-e“^'u(t) 


(c) In this case, by detinition, h(t) = y(t) = e sinbt u(t) 
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Chapter 18, Problem 31. 


Given a linear system with output y(t) and impulse response h(t), fmd the corresponding 
input.ï(í) for the following cases: 

(a) y(t) = te u(f), h(t) = e u(f) 

(b) y(f) = u(t + 1) - u(t — 1), h(t) = 5 (í) 

(c) y(t) = e u(t\ h(f) = sgn(í) 


Chapter 18, Solution 31. 


(a) 


Y((0): 


1 


X(co) = 


H((0): 


1 


(a + j(o)^ 

Y((o) 1 


a +j(o 


H((o) a + j(o 


-+ x(t) = e '**u(t) 


(b) 


By detìnition, x(t) = y(t) = u(t +1) - u(t -1) 


(c) 


X((o) = 


1 


Y((o) = - 

(a +j(o) 

Y((o) _ j® _ 1 a 
H((o) 2(a + j(o) 2 2(a + j(o) 


H((o) = — 
J® 


-+ x(t)=iô(t)-^e-'‘‘u(t) 

2 2 
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Chapter 18, Problem 32. 

* DeteiTtiine the functions coiTesponding to the following Fourier transfoiTns: 

I I 

-- (b)F,(^)-2é.l"l 

-7^ + 1 


(e)F3(^) 


1 


(d)F,(^) = 


1 + ìl(0 


* An asterisk indicates a challenging problem. 


Chapter 18, Solution 32. 


(a) 


Sinee 


jco + l 
and F(-co) 

F,(cû) = . 


e ‘*u(t-l) 




• jco + l 
fi(t) = e<“^')u(-t-l) 




>= e 




(b) 


From Section 17.3, 


t' +1 


-> 2;ie 


-|tu| 


If F2(co)=2e then 


f2(t) = 


7r(t^ +l) 


(d) By paitial fì'aetions 

1 


F3(co) = 


4 


4 


+ - 


j_ 

4 


j_ 

4 


(jco + l)tj®-l)'’ (j® + l)" (j® + l) (jco-+ jco-1 


Flenee f 3 (t) = t(te '+e '+te‘-e‘ii(t) 
= i(t + l>-'u(t)+t(t-l)e'u(t) 


(d) 


f 4 (t)=^f F,(co)eJ“'dco 
l'R 


1 p ô(co)e^“^ _ 1 
2n 1 + j2co 2n 
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Chapter 18, Problem 33. 


* Find/(0 if; 

(a) F{co) = lsm7ioj[u{oj + \)-u{co-X)\ 

(b) F{co)= — (sin 2 ^ - siníy) + — (cos lco - cos co) 

CO 00 

* An asterísk indicates a challenging problem. 

Chapter 18, Solution 33. 


(a) Let x(t) = 2sin Kt[u(t +1)- u(t -1)] 
FromProblem 17.9(b), 


X(co) = 


4j;isin(jL) 


Applying duality propeity, 

f(t) = 


ln 
2 jsint 




(b) F^co) = — (cos 2(0 - j sin 2(o) - — (cos (o - j sin (o) 
(0 (0 


(0 

jtl3 j2(û 


= l(eJ2“ _e-J“)=.5- î — 

jcû jcû 


(0 


f (t) = t sgn(t -1) -1 sgn(t - 2) 
But sgn(t) = 2u(t) -1 
f(t) = u(t-l)-t-u(t- 2 )+t 
= u(t-l)-u(t-2) 
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Chapter 18, Problem 34. 


Deteiinine the signal/(t) whose Fourier transfoim is shown in Fig. 18.38. {Hint: Use the 
duality propeity.) 


Fi,o)) 

20 


- 10 - - 

I_I^ 

-2-1 0 1 2 í 

Figure 18.38 

ForProb. 18.34. 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou are using it without permission. 

















Chapter 18, Solution 34. 


First, we find G(íjl)) for g(t) shown below. 

g(t) = 1 o[u(t + 2 ) - u(t - 2 )] + 1 o[u(t +1) - u(t -1)] 

g' (t) = 1 o[ô(t + 2 ) - ô(t - 2 )] + 1 o[ô(t + 1 )- ô(t - 1 )] 

The Fouríer tiansfoiTn of each teiTn gives 



10ô{t+ 

i 

2) 105 

í i 

g ‘(t) ' 

;(t+i) 

L 



1 

2 

1 

1 < 

1 1 1 1 1 ^ 

1) 1 2 


I I 

-lOS(t-l) -108(t-2) 


jcûG((o)= 10(e-''“" -e '“')+10(e'“ -e 
= 20 j sin 2co + 20 j sin co 

G(co) =-+-= 40 sinc(2co) + 20 sinc(co) 

co co 

Note that G(co) = G(-co). 

f(co) = 27iG(- co) 

f(t)=fG(.) 

2n 

= (20/7r)sinc(2tì + tl0/7rìsinctt) 
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Chapter 18, Problem 35. 

A signal/(/) has Fourier ti'ansfomi 

2 + jío 

Detemiine the Fourier transfoim of the following signals: 

(a) x(t) =f(3l - 1) 

(b) y(t) =f(t) eos 5t 

(c) z(t)= 

dt 

(à)h(f)=f(t)*f(t) 

(e) i(t) = tf(t) 

Chapter 18, Solution 35. 


(a) 


(b) 


x(t) = f[3(t-l/3)]. Using the scaling and time shifting properties, 


X(co)-t 1 


-jûD/3 _ 


3 2 +jco/3 


-Jûd/S 
(6 + jco) 


Using the modulation propeity, 


Y((o) = t[F((o+5) + F(û)-5)] = t 


1 




1 


2 + j(co + 5) 2 + j(co - 5) 


(c) 


Z((o) = j(oF((o) = -i^ 
2 + jco 


(d) 


H(co) = F(co)F(co) =-- 

(2 + jco)^ 


(e) 


l(co) = j/-F(co) = j 
dco 


(Q-j) 

(2 + jco)^ 


1 

(2 + jco)^ 
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Chapter 18, Problem 36. 


The transfer íunetion of a eireuit is 


H{co) 


2 

Ì(o + 2 


If the input signal to the cireuit is v ^ (?) = e^‘ u{t) V tind the output signal. Assume all 
initial conditions are zero. 


Chapter 18, Solution 36. 


H{(o)=^^ -> Y{(o) = H{(o)X{(o) 

X{(o) 


Y{(0): 


.ï(?) = V, (?) = e^‘u (?) — 

2 2 


X{(o) = 


1 


{Ì(tì+1){A+ i(o) (i' + 2)(i’-i-4) 


A+ i(tì 
s = i(o 


Y{s) = ^ + -^ 
s + 2 i' + 4 

2 2 
A =-= 1, B= -= -l 


Y{s) = 


-2 + 4 

1 1 


-4 + 2 


5" + 2 + 4 


y{t) = [e~^‘ -e~‘'‘ yi{t) 


Please note, the units are not known since the transfer fiinction does not give 
them. If the h'ansfer funetion was a voltage gain then the units on y(t) would be 
volts. 
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Chapter 18, Problem 37. 


Find the transfer function/,X co)ll forthe cireuit inFig. 18.39. 



Figure 18.39 

ForProb. 18.37. 


Chapter 18, Solution 37. 


2||jo> = 


j2co 
2 + jco 


By cuiTent division, 


H(co) 

H(co) 


j2co 

2 + j(o 

I»(®) 4 + _!^ 

2 +jco 

j«> 

4 +j3a) 


j2co 

j2co + 8 +j4co 
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Chapter 18, Problem 38. 


Suppose V ^ (/) = u(t) for / > 0. Detennine i(t) in the circuit of Fig. 18.40, using the Fourìer 
transfoiTn. 


1 Q 



Figure 18.40 

ForProb. 18.38. 


Chapter 18, Solution 38. 

V,=;^Sico) + — 

\/ 

l(co) = 


1 




\ + jco 1 + jco 


1 


7r5(co) + — 

V 


Let l(ai) = I,(co) + ì^(co) = ^^^^+ ^ 


ÌÁco) = - 


1 


A B 
■ = —+ 


7 <y(l + i<o) s í + 1 


1 + jco jcoiì + jco) 
s = jco 


where A = ^ = \, B = — = -\ 

1 -1 


1 -1 


I,ico) = 


jco jco+\ 

k5ìco) 


h(0 = Lgn(í)-í; 


hit) = — 
In 


1 +jíy 
1 p ;ríJ(íy) 

ioì 


ico 21 + jco 


co = 0 2 


Hence, 

i(t) = í, (0 -1- h (0 = L Lgn(0 - e' 
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Chapter 18, Problem 39. 


Given the circuit in Fig. 18.41, with its excitation, detennine the Fouríer hansfoiTn of i(t). 




(b) 


Figure 18.41 

ForProb. 18.39. 


Chapter 18, Solution 39. 


V,(co)= J(l-t)e-J“‘dt = ^+4-4^''“ 


J® co co 


I(co) = 


Vs(co) 


10 -’ 


10^+jcoxl0“^ lO'^+jco 


1 1 

-+ - 


1 _ 


J® 


U® co^ co^ 
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Chapter 18, Problem 40. 


DeteiTnine the cuiTent i{t) in the circuit of Fig. 18.42(b), given the voltage source shown 
inFig. 18.42(a). 




Figure 18.42 

ForProb. 18.40. 


Chapter 18, Solution 40. 


Now 


But 


v(t) = 5(t)-25(t-l) + 5(t-2) 
-coV(co) = l-2e 


V(co) = 


1-2^^'“ +e 


-co 


-jío2 


\ ^ 1 l + j2CO 

Z(co) = 2 + — = —-— 
jío jco 

^_ V(co) _ 2e-'“-e-'‘°"-l jco 
Z(co) co^ 1 + j2co 

^ r(0.5 + 0.5e'“"-e 


jco(0.5 + jco)' 


1 


B 


A 

—-h - 

s(s + 0.5) s s + 0.5 


-► A = 2,B = -2 


l((o) = — (o.5 + 0.5e'“" - e“'“)- ^(o.5 + 0.5e 


J® 


0.5 +jco 


-jt^2 _ ^-jío 


i(t) = — sgn(t) + —sgn(t-2)-sgn(t-l)-e “■-‘'‘u(t)-e ^^u(t-2)-2e '’u(t-l) 

2 2 
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Chapter 18, Problem 41. 


DeteiTtiine the Fourier transfoiTn of v(/) in the circuit shown in Fig. 18.43. 


2Í2 


V I 


— wvv - 



^ v(/)"’= 

= 1 F [ 

î 0.5H (j 

l: 



0 2S(') ' 


Figure 18.43 
ForProb. 18.41. 


Chapter 18, Solutìon 41. 


2 



V- 


1 


2 + jcû . 2V , ^ 

-^ + jCûV +-2 = 0 

2 jco 


(j» - 2»^ + 4)v = j4«j + Jî)-= 


2 + jco 2 + j(o 


V(„) = 2j<0(4.5 + j2M) 

(2 + jco)(4 - 2co^ + jco) 
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Chapter 18, Problem 42. 


Obtain the cunent io{t) in the circuit of Fig. 18.44. 

(a) Let i{t) = sgn(í) A. 

(b) Let i{t) = 4[u(t) - u{t - 1)] A. 



Figure 18.44 

ForProb. 18.42. 
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Chapter 18, Solution 42. 

2 

By cunent division, I =-l(co) 

2 +jco 

(a) For i(t) = 5 sgn (t), 

I(co) = — 

JûJ 

I 2 10 _ 20 

2 + jco jco jco(2 + jco) 

Let I„ = =A + _g_ A = 10, B: 

s(s + 2) s s + 2 


ioM= 


10 10 
jco 2 + jco 


io(t) = 5sgii(t)-10e u(t)A 



i’(t) = 4ô(t)-4S(t-l) 
jcol(co) = 4-4e"^“ 


^ô(t-l) 


, - 8(l-°"‘) -/ 

jco(2 + jco) 


1 1 
jco 2 + jco 


(!-»-'■) 


4 4 4e-J" ^ 

jco 2 + jco jco 2 + jco 


io(t) = 2sgii(t)-2sgii(t-l)-4e ^*u(t) + 4e '^u(t-l)A 
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Chapter 18, Problem 43. 


Find Vo{t) in the circuit of Fig. 18.45, where i ^ = 5e ^ u{t) A. 


40 Q 



Figure 18.45 

ForProh. 18.43. 

Chapter 18, Solution 43. 


20 mF 


_^ 1 _ 1 _ 50 

j®C j20xl0~^co J® 

40 ^ 50 250 

V,, =-—L • 


40 + ^ J® (s + l)(s + 1.25) 

J® 


, is=5e' 


S = JCO 


V„ = 


^ +—-— = 1000 


s + 1 s + 1.25 


1 1 


s +1 s +1.25 


Vo(t) = 1000(e““ -e"*'^^')u(t)V 


5 

1 + Jco 
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Chapter 18, Problem 44. 

If the rectangular pulse in Fig. 18.46(a) is applied to the cireuit in Fig. 18.46(b), tind at 
t = ì s. 


10 


- - - > 

0 2 í 

(a) 

Figure 18.46 

ForProb. 18.44. 


2Q 



las 1H 3 


(b) 


Chapter 18, Solution 44. 

IH-► jco 

We hansfoiTn the voltage source to a eunent souree as shown in Fig. (a) and then 
combine the two parallel 2Q resistors, as shown in Fig. (b). 



(a) 


2 2-lQ, I. 


V.=jcoI„ 


1 V. 

1 + jo) 2 

j®X 


2(l + jo>) 

v,(t) = 105(t)-105(t-2) 

jcDV,(co) = 10-10e-j"“ 

^ ^ 10(l-e-J^“) 

V,(co)=^-i 


jco 



Hence V, = 


Úz£^- 


^-j2ío 


1 + jco 1 + jco 1 + jco 
(t) = 5e"^u(t) - 5e"^‘“^^u(t - 2) 


Vo(l) = 5e“* - 0= 1.839 V 
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Chapter 18, Problem 45. 


Use the Fourier transform to íind i(t) in the circuit of Fig. 18.47 if v ^ (/) = ÌOe u(t). 



Figure 18.47 

ForProb. 18.45. 
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Chapter 18, Solution 45. 


We may convert the voltage source to a current source as shown below. 



Combining the two 2-fl resistors gives 1 fì. The circuit now becomes that 
shown below. 

I 



r 1 V, 1 5 5 

/ =-- =-=-, s-ico 

1 + jú) 2 1 + jú) 2 + jú) ('i" + + 2) 

A B 

— - 1 - 

6’ +1 lîí + 2 

where .4 = 5/1 = 5, B = 5/-l = -5 


^_^ 

5 " + 1 5 " + 2 


i{t) = 5{e-' -e-^‘)u{t)K 
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Chapter 18, Problem 46. 

Determine the Fourier transform of io{i) in the circuit of Fig. 18.48. 


2 0 



Figure 18.48 

ForProb. 18.46. 
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Chapter 18, Solution 46. 

ÌF — 
4 


_L = ^ 

1 co 


J® 


2H -► jco2 

3ô(t)-► 3 


e-‘u(t) 


1 


1 + jco 

The circuit in the frequency domain is shown helow: 

20 



--V„ 


1 + jco ° ^ 3-V„ V„ 

2 ^ j2co 

(0 


^-2V„+jco3-jcoV„=-J^ 


1 + jco 


co 


V, = 


1 +jto 


+ jco3 


2 +jco- 


J2 


Û) 


j2co 


lo(co) 


2 +j(jL)3-3co 
1 +jco 

j2co|^2 + jco-^ 

2 +jco^ -3cd^ 

4 - 6(0^ + j(8co - 2co^) 
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Chapter 18, Problem 47. 


Find the voltage Vo{i) in the cireuit of Fig. 18.49. Let i ^ {t) = ^ u{t) A. 


20 


- VWV -r 


D '“1 

= 


Figure 18.49 

ForProb. 18.47. 


Chapter 18, Solution 47. 


2 jcoC jù) 


2 

jco j _ 2 8 

® 2 + jcol + jco 

jí» 

16 

=-, S = JCO 

(s + l)(s + 2) 

A B 

— -1- 

i'' +1 i'' + 2 

where A= 16/1 = 16, B = 16/(-l) =-16 
Thus, 

Vo(t) = 161e~*-e~^*lu(tlV . 


Io=- 

1 +- 

jû) 


jû) 


Vo=—Io = 
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Chapter 18, Problem 48. 

Find io(t) in the op amp circuit of Fig. 18.50. 


20iLtF 



20 kn 


Figure 18.50 

ForProb. 18.48. 


Chapter 18, Solution 48. 


0.2F -► - 

jcoC 


co 


As an integrator, 


RC = 20x10'x20xl0''^ =0.4 


Vc =—~ hi 

RC 


dt 


V.. =- 


RC 


^ + 3iVj(0)5(co) 
Jco 


1 

04 


y. 


I =^inA =-0.125 
20 


jco(2 + jco) 
2 


jco(2 +jco) 
0.125 0.125 


— + kS (co) 

+ 3TÔ(co) 


jco 2 + jco 


-0.1253r5(co) 


i„(t) = -0.125sgn(t) + 0.125e''‘u(t)-^^ Í3i5(co)e'“‘dt 


2n 


= 0.125 + 0.25u(t) + 0.125e-'‘u(t) - 


0.125 


io(t) = 0.625-0.25u(t) + 0.125e""u(t)mA 
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Chapter 18, Problem 49. 


Use the Fouríer transfomi method to obtain Vo(t) in the circuit of Fig. 18.51. 



Figure 18.51 

ForProb. 18.49. 


Chapter 18, Solution 49. 


Consider the circuit shown below: 
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V, =Ji[s(co + l)+ô((o-2)] 


For mesh 1, - + (2 + j2co)lj - 21^ - jcolj = 0 

V,=2(l + jco)l,-(2 + jco)l, 

For mesh 2, 0 = (3 + jco)!^ - 2Ij - jcolj 

_ (3 + co)l, 

(2 + co) 


Substituting (2) into (1) gives 


2 + jco 

V, (2 + co) = [ 2(3 + j4co - co")- (4 + j4co - co" )]l, 
= I 2 (2 + j4co — co^) 


_ (s + 2)V, 

' s' + 4s + 2 


, S = JCO 


^ (jco + 2)n[5(co + l)+5(co-l)] 

0®t+j®4 + 2 

v„(t) = ^£ v„(co)e'“‘dco 

t^joj + ^^e^^'S^co + l^dco t^jjjj + ^^eJ^'S^co-l^dco 

= r — - +— - 

(jco)" + jco4 + 2 (jco)^ + jco4 + 2 

\{-Ì + 2y t(j + 2)e^‘ 

-l-j4 + 2 "^-l + j^ + ^ 

t(2-j)(l + j4) i(2-j)(l-j4)e^‘ 

v„(t) = ^-eJ‘+^- 

17 17 

= — (6 + j7)eJ‘ + — (6 - j7)eJ‘ 

34'' J ^ 34'' ^ > 

= 0.271 +0.271 

Vo(t) = 0.542 cos(t - 13.64°)V 


( 1 ) 

( 2 ) 
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Chapter 18, Problem 50. 


DeteiTtiine Vo(t) in the transfoiTner circuit of Fig. 18.52. 


0.5 H 



Figure 18.52 

ForProb. 18.50. 
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( 1 ) 

( 2 ) 


V„(t) = -4e- 


-t u(t) + 5.657e '“^^sin 


t u(t)V 
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Chapter 18, Problem 51. 


Find the energy dissipated by the resistor in the circuit of Fig. 18.53. 


\0e-^u(t)\ 



2Q 

■AAAAr 



1 H 


Figure 18.53 

ForProb. 18.51. 


Chapter 18, Solution 51. 


In the fì'equency domain, the voltage across the 2-D resistor is 

10 20 

JOJ 


2 2 
V{co) = - -—K = 


2 + jo) 2 + jo) 1 + jo) (i'' +1)^^" + 2) 

V(í) =—+— 

s+ì s+2 

A = 20/1 = 20, = 207-1 =-20 


20 


20 


V(ú))- 

jo)+\ jo) + 2 
v(t) = (20e ' -20e-^’)u(t) 


W = ^ j^v^(t)dt = 0.5j 40o(e“^* -3e“^‘)dt 


= 200 


í 

e 

1 

H 

2e“^‘ì 

1-2 

1 

h 

1 


16.667 J. 
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Chapter 18, Problem 52. 

ForF(íy)=—î—,findJ= f 
3 + jo) t-x, 

Chapter 18, Solution 52. 


J= 2|'f"(t)dt = -|"|F(a))|'da) 

_ 1 p 1 

JT ■« 9^ + 


do) = —tan ‘(a)/3) 


= = 0 /^ 
3it 2 


Chapter 18, Problem 53. 

If/(t) = e , find ■/ = J” |^(^<^)| dû) . 

Chapter 18, Solution 53. 

If/(r) = e-^'i find J = £|F(<y)|' do). 


J = j£|F(a))|^da) = 2jT|£f^(t)dt 


f(t) = 


e"‘, t<0 

e“'‘, t>0 




4t 

« -4t 

00 

í f e"‘dt+ re-"‘dt 

= 2n 

e 

e 

+ - 


J-00 Jb 


4 

-4 





—00 

0 


= 2jt[(1/4) + (1/4)] = JT 


Chapter 18, Problem 54. 

Given the signal/(/) = 4e ií(t) what is the total energy in/(/)? 


Chapter 18, Solution 54. 


Win = J" f'^t^dt^lóJ^e-'^dt^-Se-'^l* = 8J 
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Chapter 18, Problem 55. 

Let/(í) = 5e u(t) and use it to íind the total energy in/(t). 

Chapter 18, Solution 55. 

f(t) = 5e^e"^u(t) 

F(co) = 5e^/(l+jû)), |F(co)p = 25eV(l + co^) 

Win = — r|F(co)|^dco = T—^-^dco = ^^^tan”'(co) 

31 ' ' 31 ■“ 1 + CO 31 

= 12.5e'' = 682.5 J 

or Win = j" f^(t)dt = 25e" J°e”^‘dt= 12.5e'' = 682.5 J 


Chapter 18, Problem 56. 

The voltage aeross a 1-D resistor is v(t) = te ~^^ u(t) V. (a) What is the total energy 
absorbed by the resistor? (b) What ftaction of this energy absorbed is in the fiequency 
band-2 < co < 21 


Chapter 18, Solution 56. 

QC OC —4l 

(a) W= jv'(í)í/í= jíWí = -^(16f" + 8t + 2) 

-oc 0 (“4) 

(b) In the fi'equency domain, 

V(cy)= ^ 


oo 2 

= — = 0.0313 J 
0 64 - 


a + jcof 
|V((y)P=y(cy)V*(íy) = 


1 


(4 + 7 cy) 




rdcO 


1 1 


co 


Jt: 2x41 „2 


- + 


0.5tan“'(0.5co) 


— + — = 0.0256 
3231 64 


Fraction = —^ 
W 


0.0256 

0.0313 


81.79% 
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Chapter 18, Problem 57. 

Let i(t) = 2e^ u(-t)A. Find the total energy carried by i(t) and the percentage of the 1- Q 
energy in the frequency range of-5 < (ú <5 rad/s. 

Chapter 18, Solution 57. 

Wia = r i"(t)dt= f4e"^dt = 2e"f = 2J 

J-oc J-oc I —oc 

or I(£o) = 2/(1-jto), |I(co)|^ = 4/(H-co^) 


Wio = — r |l(co)Pdco =-^ r-<—dco = —tan '(co) 

' 23i->-»(1 + co') ji 


= i2 =1J 

n 2 


In the frequency range, -5 < co < 5, 


W = —tan ^ co 
n 


= -tan''(5) =-(1.373) = 1.7487 

71 71 


W/Win = 1.7487/2 = 0.8743 or 87.43% 


Chapter 18, Problem 58. 

An AM signal is specified by 

f(t) = 10(1 + 4 cos 200 :^t)cos7r x 10"^ t 

Determine the following: 

(a) the carrier frequency, 

(b) the lower sideband frequency, 

(c) the upper sideband frequency. 

Chapter 18, Solution 58. 

coni = 20071 = 27ifni which leads to fm = 100 Hz 

(a) coc = TixlO"^ = 27ifc whichleadsto fr = 10^2 = 5 kHz 

(b) Isb = fc-fm = 5,000-100 = 4.90Q Hz 

(c) usb = fc + fm = 5,000 + 100 = 5JQQ Hz 
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Chapter 18, Problem 59. 


Forthe linear systemin Fig. 18.54, when the input voltage is v.(t) = 2S (t) V, the output 
is V y (t) = 1 Oe - 6e V. Find the output when the input is v. (t) = 4e u(t) V. 



h{t) 






Figure 18.54 

ForProb. 18.9. 

Chapter 18, Solution 59. 


10 6 

H((o) = = 2 + jG) 4 + jco ^ ^_^ 

Vi(co) 2 2 + jco 4 + jco 


Vo (co) = H(co)Vi (co) = [ --^ì 

i^2 + jco 4 + jcojl + jco 

20 12 


(s + l)(s + 2) (s + l)(s + 4) ’ 


Using partial fraction, 

,, , , A B C D 16 20 4 

Vo(co) =-+-+-+-=-+- 

s + 1 s + 2 s + 1 s + 4 1 + jco 2 + jco 4 + jco 


Thus, 

Vo (t) = (l6e~* -20e~^^ +4e~'^^)u(t)V 
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Chapter 18, Problem 60. 

A band-limited signal has the following Fourìer serìes representation: 
i^(t) =10 + 8 cos(2;7z-t + 30^") + 5 cos(4;7rt- 150‘')mA 
If the signal is applied to the circuit in Fig. 18.55, tind v(/). 


2Q 

AAAA^ - 




Figure 18.55 

ForProb. 18.60. 
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Chapter 18, Solution 60. 


2 



1 

-h 2 + j û) 

j® 


1 - co^ + j2(o 


Since the voltage appears aeross the induetor, there is no DC component. 


2nZ90°8 
1 - 4n^ + j4ji 


50.27Z90° 

- 38.48+ jl2.566 


1.2418Z-71.92° 


4tiZ90°5 

^2 -- 5 - 

1-1631^ + jSn 


62.83Z90° 
-156.91 + j25.13 


0.3954Z-80.9° 


v(t) = 1.2418 eos(2nt - 41.92°) + 0.3954 eos(43it +129.1 °) mV 
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Chapter 18, Problem 61. 

In a system, the input signal x(t) is amplitude-modulated by m(t) = 2 + cos co ^t. The 
response y(t) = m(t)x(t). Find y( ) in terms of X( co ). 


Chapter 18, Solution 61. 

y(t) = (2 + cos coj)x(t) 

We apply the Fourier Transform 

7(03) = 2X((ù) + 0.5^(co+cOnì + Q.5Xfco-cOnì . 

Chapter 18, Problem 62. 

A voice signal oecupying the ffequency band of 0.4 to 3.5 kHz is used to amplitude- 
modulate a 10-MHz carrier. Determine the range of frequencies for the lower and upper 
sidebands. 

Chapter 18, Solution 62. 

For the lower sideband, the frequencies range from 

10,000,000-3,500 Hz = 9.996.500 Hz to 

10,000,000-400 Hz = 9.999.600 Hz 

For the upper sideband, the frequencies range from 

10,000,000 +400 Hz = 10.000.400 Hz to 

10,000,000 + 3,500 Hz = 10.003.500 Hz 

Chapter 18, Problem 63. 

eCd 

For a given locality, calculate the number of stations allowable in the AM broadcasting 
band (540 to 1600 kHz) without interference with one another. 

Chapter 18, Solution 63. 

Since t; = 5 kHz, 2 í; = 10 kHz 

i.e. the stations must be spaced 10 kHz apart to avoid interference. 

Af = 1600-540 = 1060 kHz 

The number of stations = Af/10 kHz = 106 stations 
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Chapter 18, Problem 64. 

Repeat the previous problem for the FM broadcasting band (88 to 108 MHz), assuming 
that the carrier frequencies are spaced 200 kHz apart. 

Chapter 18, Solution 64. 

Af = 108-88MHZ = 20MHz 

The number of stations = 20 MHz/0.2 MHz = 100 stations 
Chapter 18, Problem 65. 

The highest-frequency component of a voice signal is 3.4 kHz. What is the Nyquist rate 
of the sampler of the voice signal? 

Chapter 18, Solution 65. 

(0 = 3.4 kHz 
t; = 2co = 6.8 kHz 

Chapter 18, Problem 66. 

e0d 

A TV signal is band-limited to 4.5 MHz. If samples are to be reconstructed at a distant 
point, what is the maximum sampling interval allowable? 

Chapter 18, Solution 66. 

co = 4.5 MHz 
fc = 2co = 9 MHz 

Ts = 1 /í; = l/(9xl0‘^) = 1.11x10“’ = 111 ns 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reseived. No p art 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou are using it without permission. 











Chapter 18, Problem 67. 

* Given a signal g(t) = sinc(200 n t) íind the Nyquist rate and the Nyquist interval for the 
signal. 

* An asterisk indicates a challenging problem. 

Chapter 18, Solution 67. 

We tirst íind the Fourier transform of g(t). We use the results of Example 17.2 in 
eonjunetion with the duality property. Let Areet(t) be a rectangular pulse of height A and 
width T as shown below. 


Arect(t) transforms to Atsinc(co^/2) 



According to the duality property, 

Axsine(xt/2) becomes 2;iArect(x) 
g(t) = sinc(200;it) beeomes 2;iArect(x) 
where Ax = 1 and x/2 = 200;i or T = 400;i 

i.e. the upper írequency cou = 400;i = 2;ifu or fu = 200 Hz 
The Nyquist rate = fs = 200 Hz 
The Nyquist interval = 1/fs = 1/200 = 5 ms 
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Chapter 18, Problem 68. 


The voltage signal at the input of a filter is v(t) = 50e V What percentage of the total 1- 
energy content lies in the ffequency range of 1 < ^; < 5 rad/s? 


Chapter 18, Solution 68. 

The total energy is 

Wt = £v'(t)dt 


Since v(t) is an even function, 

Wt = |'2500e-‘'‘dt = 5000- 
V(co) = 50x4/(4co^) 


= 1250J 


W = ^J|V(co)|^ = 


1 ^ ( 200 )"^ 


-dco 


r, f 1 . 1 

But —r-rrdx^—; 

■'(a'-l-x")" 2a' 


2n i (4 + (û^Y 


—7-1-—tan '(x/a) 
X -l-a a 


-l-C 


Û) 1 -1 / / 

4 + (à^ 2 Jj 

= (2500/jT)[(5/29)-t0.5tan'(5/2)-(l/5)-0.5tan^'(l/2) = 267.19 
WAVt = 267.19/1250 = 0.2137 or 21.37% 


W = 


2x10“ 1 
n 8 
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Chapter 18, Problem 69. 


A signal with Fourier transfonn 

20 


F{co) = 


4 + jo) 


is passed through a tilter whose cutoff frequency is 2 rad/s (i.e., 0 < cú<1). What ffaction 
of the energy in the input signal is contained in the output signal? 

Chapter 18, Solution 69. 

The total energy is 




400 

71 


400 

271 4^ +co^ 

100 7T 


dco 


71 2 


= 50 


W = 


[(l/4)tan-‘(co/4))“ 

^ j[|F(co)|'dco = ^[(l/4)tan-‘(co/4)] 


= [100/(27t)]tan-‘(2) = (50/7 t)(1.107) = 17.6187 
WAVt = 17.6187/50 = 0.3524 or 35.24% 
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Chapter 19, Problem 1. 


Obtain the z parameters for the network in Fig. 19.65. 


1 n 

o —VWV 


o- 


4Q 

-^VVVV 

6Q 


■o 


2Q 


-o 


Figure 19.65 

ForProb. 19.1 and 19.28. 
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Chapter 19, Solution 1. 

To get Zjj and Zjj, consider the circuit in Fig. (a). 


1 fì 4 Q I 2 = 0 



To get Zjj and Zj^, eonsider the eireuit in Fig. (h). 


Ij = 0 1 4 Q 
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Chapter 19, Problem 2. 


* Find the impedance parameter equivalent of the network in Fig. 19.66. 


1Í2 in 1Í2 líi 



ForProb. 19.2. 


* An asterisk indicates a challenging problem. 


Chapter 19, Solution 2. 


Consider the circuit in Fig. (a) to get and z^i . 


Ii 


1Í2 1Q 1Q 




1 a = 0 

AA/V-^ 

+ 

V2 




1 a 
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z„=^ = 2 + l||[2 + l||(2 + l)] 

,/ 3 '] (l)(ll/4) 11 

z„ =2 + 1 2 + - =2+ ^ \; =2 + —= 2.733 


1 + 11/4 


15 


1 , 1 
I. =-1. =-I 


I„ = 


1+3 “ 4 “ 

1 4 

l + ll/4^‘ "Ï5^‘ 


_ J_ 4 __1_ 

" 4'Î5^‘ "Î5^‘ 


V. =!„=-!. 




To get Z 22 , consider the eircuit in Fig. (b). 


ii=0 1 

-•^vvv 



(b) 


Z22 = y^ = 2 + 1||(2 + 1||3) = z,i =2.733 


Thus, 


[z] = 


2.733 

0.06667 


0.06667 

2.733 


Q 
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Chapter 19, Problem 3. 


Find the z parameters of the circuit in Fig. 19.67. 

4Q -jion 

o -WA-1-II- o 

Ì. 76 CÌ 

o - ' - o 

Figure 19.67 
ForProb. 19.3. 


Chapter 19, Solution 3. 

-12 “ 76 ~ -21 

^11-^12=4 -> 7.^.^ = 7.^2+4 = 4 + 760 

Z22-Zi2=-710 -> 7^^ = 7^^-j10 = -74O 


■ 4 +J 6 

76 ' 

n = 

■4 + j6 

j6^ 

76 

- 74 . 


-j4. 
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Chapter 19, Problem 4. 

Calculate the z parameters for the eircuit in Fig. 19.68. 


jioc 


0 - 1 -Tfp- 1 

|l2£2 ^ 

r : 

Figure 19.68 


ForProb. 19.4. 



Chapter 19, Solution 4. 

TransfoiTn the n network to a T network. 

Zi Z3 



Z, 

Z. 

Z 3 


(12)(jl0) _ jl20 
12 + jl0-j5 12 + j5 
-j60 
12 + j5 
50 

12 + j5 


The z parameters are 

^12 “ ^21 “ Zj 


(-j60)(12-j5) 
144 + 25 


^ii - Zi +Z12 


(jl20)(12-j5) 

169 


=-1.775-j4.26 


+ Z 12 =1.775+ j4.26 


(50)(12-j5) 

Z 22 = Z3+Z2i = +Z3i = 1.7758-j5.739 

Thus, 

’ 1.775+ j4.26 -1.775-j4.26’ 

[zl = Q 

^ ^ -1.775-j4.26 1.775-j5.739 
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Chapter 19, Problem 5. 

Obtain the z parameters for the network in Fig. 19.69 as fiinetions of s. 

—o 

1 F 

— o 

Figure 19.69 

ForProb. 19.5. 

Chapter 19, Solution 5. 

Consider the circuit in Fig. (a). 


1 n 


I 


1 Q iH 

—VWV-'TìnF- 

1 F 


l2 = 0 



(a) 


1 f 1 

^ll = 1 II “ II l + S + “ 
s V s 


s^+s + 1 

" s'+2s^+3s + l 


1 + - 

s 


n vs+iJt^^I 

1 


1 1 

-7 +1 + S + - 

s + U s 


1 

lll- 

s 


1II - + 1 + S + 

s s 




s +1 


-7 + 1 + S + 

s + 1 s 




s + 1 


- + S^ +S + 1 


s + 1 


s^ + 2s^ + 3s +1 


V =-I =_ ^ _ 

s s + 2s + 3s +1 

Z .II._^_ 

I| s^ + 2s^ + 3s +1 
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Consider the circuit in Fig. (b). 
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Chapter 19, Problem 6. 


Compute the z parameters of the cireuit in Fig. 19.70. 



Figure 19.70 

ForProb. 19.6 and 19.73. 


Chapter 19, Solution 6. 

To find zii and z^i , consider the circuit below. 


Ii 5Q lOQ 4Ii l2=0 
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Vi (20 + 5)7, 


V =—V,=201, 
“25 


-v„-4/,+y, = o 


> ^2=^+ 4 / 1 = 20 / 1 + 4/1 =24/, 


y 

= — = 24 Í2 

/, 

Tofínd zi2and Z22, consider the circuit below. 


Ii=0 5Q 10f2 4Ii I 2 



V, = (10 + 20)/, =30/, 

y 

z,, = -^ = 30 £2 

/, 

V,=20/, 

y 

z„= — = 20Q. 

/, 


Thus, 


[z] 


25 

24 


20 

30 


Q 
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Chapter 19, Problem 7. 


Calculate the impedance-parameter equivalent of the circuit in Fig. 19.71. 


20 0 100 O 



ForProb. 19.7 and 19.80. 


Chapter 19, Solution 7. 

To get Zii and Z 21 , we consider the circuit below. 


I2=0 
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Vi-Vx_V. V^+12V^ 


20 50 160 

Vj-Vx 81 .V, 


40 

-+ Vv=-Vi 


121 


h=^ -Lx. = _^(^) -^ zii =^ = 29.88 

20 121 20 II 


V, = 60(1^)-12V, = V. = -ÍZ(i»)v, = -LZ(i»)i2í!lli. 
160 8 8 121 8 121 81 

= -70.37Ii-> Z21 = ^ = -70.37 

To get Zi 2 and Z 22 , we consider the circuit below. 



V.=^^V2=ÌV2, I2=^ + ^^^ = 0.09V2 

100 + 50 3 150 60 


Z 22 = — = 1/0.09 = 11.11 

h 


Vi=V^=^V2=^l2 = 3.70412 


Vi 

-+ Z|2 = —= 3.704 

I 2 


Thus, 


[z] = 


29.88 3.704 

-70.37 11.11 


n. 
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Chapter 19, Problem 8. 


Find the z parameters of the two-port in Fig. 19.72. 

j4a 



ForProb. 19.8. 

Chapter 19, Solution 8. 

To get zii and Z 21 , consider the circuit below. 

j4n 
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Vi = (10-j2 + j6)Ii 


10 + j4 
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Chapter 19, Problem 9. 


The y parameters of a network are: 
“0.5 - 0.2“ 

-0.2 0.4 


[y]= 


Determine the z parameters for the network. 


Chapter 19, Solution 9. 


= = Ay = yi,y 22 -y 2 ,y ,2 =05x0.4-0.2x0.2 = 0.16 

Ay 0.16 

2^2 = = 1.25 = 

Ay 0.16 

2^2 = - = -^ = 3.125 
Ay 0.16 


Thus, 


14 


"2.5 

1.25 ■ 

n 

"2.5 

1.25 ■ 

1.25 

3.125 

1.25 

3.125_ 


n 
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Chapter 19, Problem 10. 



Chapter 19, Solution 10. 
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Chapter 19, Problem 11. 


Determine a two-port network that is represented by the following z parameters: 


6+j3 5-j2 

5-j2 8- 


Chapter 19, Solution 11. 


This is a reciprocal network, as shown below. 

l+j5 3+j IQ j3f^ 


jlQ 
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Chapter 19, Problem 12. 


For the circuit shown in Fig. 19.73, let 


[z] = 


10 -6 
-4 12 


Find /i,/ 2 ,F,,and 



Figure 19.73 

ForProb. 19.12. 
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Chapter 19, Solution 12. 


Vi =104-64 

(1) 

=-44+124 

(2) 

v,=-m 

( 3 ) 


If we convert the current souree to a voltage souree, that portion of the circuit becomes 
what is shown below. 



-12 + 6/i+yi = 0 -> =12-6/1 

Substituting (3) and (4) into (1) and (2), we get 

12-6/1=10/1-64 -> 12 = 16/1-6/2 

-10/2 = -4/1+12/2 —> 0 =-4/1+22/2 —> 4 = 5.5/2 

From (5) and (6), 


12 = 88/2-6/2=824 -> 4 = 0.1463 A 

4 = 5.54 = 0.8049 A 
14 =- 10 /, = - 1.463 V 
V; =12-64 = 7-1706 V 


( 4 ) 

( 5 ) 

( 6 ) 
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Chapter 19, Problem 13. 


Determine the average power delivered to = 5 + jA in the network of Fig. 19.74. 
Note: The voltage is rms. 


50/0° V 


10 O 



= 40 f> 


1 

Zi2 = 60 D 



Z 21 = 80 D 



Z 22 = 100 Q 


T 


Figure 19.74 

ForProb. 19.13. 


Chapter 19, Solution 13. 

Consider the circuit as shown below. 



v; = 4o<+604 

(1) 

\4 = 80i!+ioo4 

(2) 

V4 = -4^ = -4(5+^) 

(3) 

50=v;+io( -> 

l< = 50-10( (4) 

Substituting (4) in (1) 


50-10<=40<+604 

-> 5 = 5( + 64 (5) 

Substituting (3) into (2), 


-4(5 + y4) = 80^+1004 

-> 0 = 80(+(105 + 74)4 

Solving (5) and (6) gives 



l2 = -7.423 +j3.299 A 
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We can check the answer using MATLAB. 


First we need to rewrite equations 1-4 as follows, 


1 

0 

-40 

-60 

0 

1 

-80 

-100 

0 

1 

0 

5 + j4 

1 

0 

10 

0 


Vi 


0 

V2 

= A*X = 

0 



0 

h_ 


50 


= U 


» A=[ 1,0,-40,-60;0,1 ,-80,-100;0,1,0,(5+4i); 1,0,10,0] 
A = 


l.Oe+002 * 

0.0100 0 

0 0.0100 

0 0.0100 

0.0100 0 

»U=[0;0;0;50] 

U = 

0 

0 

0 

50 

» X=inv(A)*U 
X = 

-49.0722 +39.5876Ì 
50.3093 +13.1959Ì 
9.9072 - 3.9588Ì 
-7.4227 + 3.2990Ì 


-0.4000 -0.6000 

-0.8000 -1.0000 

0 0.0500 + 0.0400Ì 

0.1000 0 


P = |l2|^5 = 329.9 W . 
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Chapter 19, Problem 14. 


For the two-port network shown in Fig. 19.75, show that at the output terminals, 


^Th “ ^22 


^12^21 

Zn + Z, 


and 


Tli 


Zii+z,, 


-Vi' 



Figure 19.75 

ForProb. 19.14 and 19.41. 


Chapter 19, Solution 14. 

To tind , consider the circuit in Fig. (a). 


Ii I 2 



(a) 


Vi =ZiiIj+Zi,Ij (1) 

V 2 — Z21 +Z22 12 (2) 
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But 


V,=l, 


V,=-Z.,I, 


Hence, 


^ (^n Z.,)Ii + Z,2 I2 


, _ ~ ^21 ^12 j 

1 ~ ry + ^22 ^2 

V z, I + Z, j 


I =- - —I 

‘ z„+Z, " 


y _ _ ( _ _ ^21 ^t2 

“ I 2 “ I 2 “z„+z. 


To fínd Vti, , consider the circuit in Fig. (b). 



V2 = VTh 


l2=0, 


Vi = V,-I,Z., 


Substituting these into (1) and (2), 


V,-I,Z,=Zi,Ii 


^ ^u+Z, 


■\j X Zi s 

" z., +z 


V = V 

^ Th ^2 


z-,, +Z„, 
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Chapter 19, Problem 15. 


For the two-port circuit in Fig. 19.76, 


[z] = 


40 

80 


60 

120 


Q 


(a) Find for maximum power transfer to the load. 

(b) Calculate the maximum power delivered to the load. 


lon 



Figure 19.76 

ForProb. 19.15. 


Chapter 19, Solution 15. 


(a) FromProb. 18.12, 


Zxh = ^22 “ 


^ 12^21 

Zi 1 + Zg 


= 120 - 


80x60 
40 + 10 


24 




(b) VTh = = -^(120) = 192 

Zii+Zj 40 + 10 


Vxh 

2RTh 


RTh = 4^x24 = 384W 
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Chapter 19, Problem 16. 


For the circuit in Fig. 19.77, at = 2 rad/s, z = 1OD, ^ ^ 21 = 7^^ ? ^ 22 = • Obtain 

the Thevenin equivalent circuit at terminals a-b and calculate . 



Figure 19.77 
ForProb. 19.16. 
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Chapter 19, Solution 16. 


As a reciprocal two-port, the given circuit can be represented as shown in Fig. (a). 


5Q 10-j6Q 4-j6Q 


ISZO*^ V 



At terminals a-b, 

Zt„ =(4-j6) + j6||(5 + 10-j6) 
j6(15-j6) 

ZT„=4-j6+ ^ ^ =4-j6 + 2.4 + j6 

Zti, = 6.4 a 




The Thevenin equivalent circuit is shown in Fig. (b). 


6Z90^ V 



From this, 




v„(t) = 3.18 cos(2t +148°) V 
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Chapter 19, Problem 17. 

* Determine the z and y parameters for the circuit in Fig. 19.78. 


4ÍÌ 



ForProb. 19.17. 

* An asterisk indicates a challenging problem. 

Chapter 19, Solution 17. 

To obtain and z^i , consider the circuit in Fig. (a). 


4 n i„ ij = 0 



(a) 


In this case, the 4-Q and 8-Q resistors are in series, since the same current, , passes 
through them. Similarly, the 2-Çì and 6-f2 resistors are in series, since the same current, 

, passes through them. 

V. (12)(8) 

Zn=Y^ = (4 + 8)||(2 + 6) = 12||8 = ^^ = 4 . 8 Q 

8 2 ,3 

“ 8 + 12 ^'“ 5 ^' ^““ 5 ^' 
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But 


-V,-4I„+2i; = 0 

, -8 6 -2 

V,=-4I+2I =—I,+-!,=—I, 

2 c o 5 ‘ 5 ‘ 5 ‘ 

V -2 

Z 2 , =-j^ = y = -0.4í2 

To get Z 22 and z, 2 , consider the circuit in Fig. (b). 


ii = 0 4 n 



(b) 


V, ( 6 )( 14 ) 

Z22=Y^ = (4 + 2)||(8 + 6 ) = 6||14 = ^-^ = 4 . 2 n 

z,2 = = -0.4 n 


Thus, 


[z] 


4.8 - 0.4 

- 0.4 4.2 


We may take advantage of Table 18.1 to get [y] from [z]. 
A, = (4.8)(4.2)-(0.4)" =20 


yii 

y^i 



4.2 


20 

M 

‘ 20 


= 0.21 


= 0.02 


yi2 = 


^22 =• 


-Z 12 0.4 


= — = 0.02 

A, 20 


20 


■ = 0.24 


Thus, 


[y] = 


0.21 

0.02 


0.02 

0.24 
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Chapter 19, Problem 18. 


Calculate the y parameters for the two-port in Fig. 19.79. 


6Q 

o —VWV 


o- 


3Q 

-wwv 

6n 


-o 


3ÍÌ 


o 


Figure 19.79 

ForProb. 19.18 and 19.37. 


Chapter 19, Solution 18. 


To get and y, consider the circuit in Fig.(a). 

6 Q. 3 Q I 2 



r-*^-m-1 

— . 

-VVV-1 

-<- • - 

+ 

"1 

r ì 


> V2 = 0 


(a) 


V, =(6 + 6 II 3)1, =81, 

r 1 


6 + 3 ‘38 12 

V, 12 


h = 

Yií = 
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To get ^22 and ? consider the circuit in Fig.(b). 


Ii 6 Q I„ 3 n 



Thus, 





2 


[y] 


1 

8 

-1 

-Ï2 


-1 

12 

í 

2 - 


S 
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Chapter 19, Problem 19. 


Find the 3 ^ parameters of the two-port in Fig. 19.80 in terms of s. 


iQ 

-AAAAr- 


IH 


-AAA/V- 

1 Í2 


Figure 19.80 

ForProb. 19.19. 


Chapter 19, Solution 19. 

Consider the circuit in Fig.(a) for calculating and • 

Ii 1 



, 1 M ì 2/s 2 

I| 2 s +1 

Yii =:^ = ^—= s + 0.5 


I _ (-1/s) j -r -V. 

^ (l/s) + 2 " 2 s + l 2 


r 


-0.5 
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To get y 22 and y ^he circuit in Fig.(b). 


ii 1 12 



(b) 


V,=(s||2)I,=^I, 

I 2 s + 2 1 


-s -s s + 2 -V, 

-1 =-.-V =— - 

s + 2 " s + 2 2s ^ 2 


yi2 



Thus, 


[y] = 


s + 0.5 
-0.5 


-0.5 
0.5 + 1/s 
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Chapter 19, Problem 20. 

Find the parameters for the eireuit in Fig. 19.81. 



ForProb. 19.20. 

Chapter 19, Solution 20. 

To get yii and consider the eircuit below. 


3ix 



Since 6-ohm resistor is shoit-circuited, ix = 0 


Vi =Ii(4//2) = -^Il 
6 


^ yii 


Ì = 0.75 
Vi 


4 + 2 


-^(^Vi) = -tvi 
3 8 2 


y21 


:i^ = -0.5 
Vi 
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To get y 22 and yi 2 , consider the circuit below. 
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Chapter 19, Problem 21. 


Obtain the admittance parameter equivalent circuit of the two-port in Fig. 19.82. 


0.2V, 



Figure 19.82 

ForProb. 19.21. 


Chapter 19, Solution 21. 

To get y,i and , refer to Fig. (a). 

0.2 Vi 



(a) 


At node 1, 

I,=^ + 0.2V,=0.4V, -> y^,=;^ = 0.4 

I 2 --O. 2 V, -> y^,=^ = -0.2 
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(b) 

Since Vi = 0, the dependent current source can be replaced with an open circuit. 



(c) 




Chapter 19, Problem 22. 


Obtain the y parameters of the two-poil network in Fig. 19.83. 



Figure 19.83 

ForProb. 19.22. 
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Chapter 19, Solution 22. 


To obtain yu and y^i, consider the cireuit below. 



To obtain y^ and ^ 22 , consider the circuit below. 





Chapter 19, Problem 23. 


(a) Find the y parameters of the two-poit in Fig. 19.84. 

(b) Deteimine ¥ 2(^0 for = 2w(/)V. 



Figure 19.84 

ForProb. 19.23. 


Chapter 19, Solution 23. 


(a) 

-yi2 =1/(^1//tj = l + s - > yi2=-(s + l) 

yii+yi2=l -> yii =l-yi2 =l + s + l = s + 2 

1 1 S^^+S + l 

y22+yi2 =s -> yii = — yi2 =-+s + i =- 

s s s 


[y] 


s + 2 

-(s + 1) 


-(s + 1) 
S^ +S + 1 
s 
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(b) Consider the network below. 



Vs = Ii+Vi orV,-Vi=Ii (1) 

V2 = -2I2 ( 2 ) 

= yiiVi + ^12^2 (3) 

h = YllVl + ^ 22^2 (4) 

From (1) and (3) 
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Chapter 19, Problem 24. 


Find the resistive circuit that represents these j parameters: 


[y] 


1 _i 

2 4 

1 i 

4 8 _ 


Chapter 19, Solutíon 24. 

Since this is a reciprocal network, a 11 network is appropriate. as shown below . 



1/4 S 



(b) 


4Çì 



(c) 


1 1 1 

^2 ~ "y 12 “ ^ ^ ’ 

3 1 1 

^“^ 22+^21 ~ 8 ~ 4 ~ 8 ^’ 


Z, =40 


= 40 


Zj = 80 
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Chapter 19, Problem 25. 


Draw the two-poit network that has the following j parameters: 


[y] 


1 -0.5 

-0.5 1.5 


S 


Chapter 19, Solution 25. 


This is a reciprocal network and is shown below. 


0.5 S 
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Chapter 19, Problem 26. 

Calculate [y] for the two-poit in Fig. 19.85. 


40 



ForProb. 19.26. 


Chapter 19, Solution 26. 

To get and y, eonsider the eircuit in Fig. (a). 


4fí 



(a) 


At node 1, 


Vi-Vx 

2 


+ 2V. 



2V,=-V, 


( 1 ) 


But 


V.-V, V.+2V. 


= 1.5V, 


> yii 



Also, 


I,+^ = 2V, -^ I,=1.75V, =-3.5% 

Yji = — = -3.5 

Vj 
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To get ^22 and > consider the cireuit in Fig.(b). 



At node 2, 


I2=2V,+- 


v,-v. 


Atnode 1, 


Vj-V, V, V, 3 
2V +^-2- = ^ + ^=-V 

X 4 2 12’' 


v,=-v. 


Substituting (3) into (2) gives 


Iz = 2V,--V,=1.5V,=-1.5V, 


y. = i^ = -i.5 


2 2 


y.=^ = o.5 


‘ 1.5 0.5 ’ 

[^] = L-3.5 -1.5j^ 
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Chapter 19, Problem 27. 


Find the 3 ^ parameters for the circuit in Fig. 19.86. 





ForProb. 19.27. 


Chapter 19, Solution 27. 


Consider the circuit in Fig. (a). 


ii 4 n ij 



(a) 


V.=4I, ^ = = 


Ij = 201^ =5V, 


^ 21 =;^ = 5 
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Consider the circuit in Fig. (b). 


Ii 4 Q 



Ij 0.1 


41^. 0.1 V, -> =^ = ^ = 0.025 


I, =201, +--f = 0.5V,+0.1V, =0.6V, 

2 1 10 2 2 2 


y22=:^ = 0-6 


Thus, 


[y]^ 


0.25 0.025 
5 0.6 


Altematively, fi'om the given eireuit, 
V,=4I,-0.1V, 

= 20Ii +O.IV 2 


Comparing these with the equations for the h parameters show that 

hj2=-0.1, ^21=20, ^22 = 0.1 


hH=4, 


Using Table 18.1, 

yii 


J__i 

•C^4 

h2. 20 


0.25, 


-h, 


0.1 


0.025 


Zi - c 


A. 0.4 + 2 

y22=^ = ^—= 0.6 

“ii ^ 


as abovc. 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights reseived. No pait 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher. or used beyond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 
vou are using it without permission. 




Chapter 19, Problem 28. 


In the drcuit of Fig. 19.65, the input poit is connected to a 1-A dc cuiTent source. 
Calculate the power dissipated by the 2-^2 resistor by using the y parameters. Confiim 
your result by direct circuit analysis. 


Chapter 19, Solution 28. 

We obtain y^^ and y^^ by considering the circuit in Fig.(a). 

1Q 4 Q I 2 



(a) 


Z,,. =1 + 6114 = 3.4 


V, z„ 


0.2941 


“ 10 “lloYs.^J^ 34 


r 


-0.1765 


Vj 34 

To get Yjj and yjj, consider the eireuit in Fig. (b). 


Ij IQ 4Q 
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1 


Thus, 



2||(4 + 6||l) = 2||[^4 + ^^ 
24 

— = 0.7059 
34 


(2)(34/7) _ 34 _ V, 
2 + (34/7) 24 




r 0.2941 -0.17651 

0.1765 0.7059 


The equivalent cireuit is shown in Fig. (c). After transforming the euirent source to a 
voltage source, we have the cireuit in Fig. (d). 



8.5 n 5.667 n 



(2||1.889)(8.5) (0.9714)(8.5) 

2111.889 + 8.5 + 5.667 ” 0.9714 + 14.167 


0.5454 




Chapter 19, Problem 29. 


In the brìdge eircuit of Fig. 19.87, = 10 A and = -4 A 

(a) Find and using parameters. 

(b) -Confìim the results in pait (a) by direct circuit analysis. 


3Q 

■AAAAr 


3 Q 3 Q 



Figure 19.87 

ForProb. 19.29. 


Chapter 19, Solution 29. 


(a) Transfomiing the A subnetwork to Y gives the circuit in Fig. (a). 



It is easy to get the z parameters 

^i2 “ ^2i “ ^ 5 1 + 2 —3, Z 22 — 3 

A. =ZuZ 22 -Zl 2 Z 21 =9-4=5 

z 3 - z - 2 

^22 _ _ _zlA. __ 

Tii"^ ~ ^ ~ y 22^ yi2“y2i~^ ~ ^ 
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Thus, the equivalent circuit is as shown in Fig. (b). 


Ii 2/5 S 



Ii=10 = |v-|v, -> 50 = 3V,-2V, (1) 


l2=-4 = yV+|v, -> -20 = -2V.+3V, 

10 = Vi- 1.5V2 -> Vi = 10 + 1.5^2 (2) 

Substituting (2) into (1), 

50 = 30 + 4.5V2-2V2 -> V^^SV 

% =10 + 1.5^2 =22 V 

(b) For direct circuit analysis, consider the circuit in Fig. (a). 

For the main non-reference node, 

V 

10-4 = — -> V =12 

2 

V -V 

10= ' ^ ° -> Vi=10 + V„ = 22V 

V -V 

-4 = ^y= -> V,=V„-4=_^ 
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Chapter 19, Problem 30. 


Find the h parameters for the networks in Fig. 19.88. 


o- 


o- 


40 

-^VVVN^ - o 

60 Í2 

- o 


10 D 
o — WW 


o- 


-o 


20 D 


-o 


(a) (b) 

Figure 19.88 

ForProb. 19.30. 


Chapter 19, Solution 30. 


(a) Conveit to z parameters; then, eonveit to h parameters using Table 18.1. 

Zii = Zi2 = z^i = 60 Q, Z 22 = 100 fl 


= Zii Z 22 - Zi2 z^i = 6000 - 3600 = 2400 


A, 2400 

hu=-^ = =^ = 24. 


Z 22 100 


-z. 


= - 0 . 6 , 


z., 60 

h,2 = —= —= 0.6 

Z22 100 


1 


= 0.01 


Thus, 


[h]: 


24 Q 0.6 
-0.6 0.01 S 


(b) Similarly, 

Zj^ = 30 Q 


^12 “ ^21 “ ^22 — 20 Q 


A, =600-400 = 200 


200 


20 


= 10 


h2i=-l 


20 

1 


h.2=- = l 


h22=^ = 0.05 


Thus, 


[h]: 


10 Q 1 
-1 0.05 S 
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Chapter 19, Problem 31. 


DeteiTtiine the hybrid parameters for the network in Fig. 19.89. 


^ 1 Q 2 Q 1 Q 



ForProb. 19.31. 


Chapter 19, Solution 31. 

We get h^^ and h^^ by considering the circuit in Fig. (a). 



(a) 


Atnode 1, 


At node 2, 



V -V 
2 


> 2I,=2V3-V, 


81, 


-V, 


+ 41, 


--V3+3V, 


1 


+ 


161, =-2V3+6V4 


( 1 ) 


( 2 ) 
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Adding (1) and (2), 

181, =5^4 -> ¥ 4 = 3 . 61 , 

V 3 =3^4-81, =2.81, 

V, =¥ 3 + 1 , =3.81, 

V, 

h„=-^ = 3.8í2 

-V4 I, 

l2 = ^ = -3.6I, -^ h3,=^ = -3.6 


To get ^22 and ^ to the circuit in Fig. (b). Thc dcpcndcnt cuiTcnt sourcc can bc 
rcplaccd by an opcn circuit sincc 41^ = 0 . 


Thus, 


ICÏ 2 Q 1Q I 2 



h 


V V 

^2 _^ 

2 + 2 + ì~ 5 


^ ^2 


h 

V, 


1 

j = 0.2S 


[h] = 


38 n 0.4 
- 3.6 0.2 S 
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Chapter 19, Problem 32. 


Find the h and g parameters of the two-poil network in Fig. 19.90 as functions of 5*. 

1 Í2 1 H 1 H 



Figure 19.90 

ForProb. 19.32. 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei'ved. No pai't 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the llmited distríbution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou are using it without permission. 









Chapter 19, Solution 32. 

(a) We obtain hjj and h^i by refening to the eireuit in Fig. (a). 





I 2 1 s 

“s + l/s“s'+l 




(b) To get g„ and g^i, refer to Fig. (e). 


Ij 1 s s = 0 



To get §22 and gj^, refer to Fig. (d). 



Thus, 

s -1 

r 1 _ S^+S+l S^+S + 1 

“ 1 s + 1 

- S^ +S + 1 S^ +S + 1 - 
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Chapter 19, Problem 33. 


Obtain the h parameters for the two-poit of Fig. 19.91. 


-j3n 


Figure 19.91 

ForProb. 19.33. 
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Chapter 19, Solution 33. 

To get hii and h^i, consider the circuit below. 

4Q jóQ h 



v, =5//(4 + j6)I, hn = ^ = 3.0769+ jl.2821 

9 + j6 II 


Also, I, =-^Ii -> ^2í= — = -0.3846 + jO.2564 

9 + j6 II 

To get h 22 and hi 2 , consider the circuit below. 



V2 


-j3//(9 + j6)l2 



b 1 9 + j3 

V2 -j3//(9 + j6) -j3(9 + j6) 

= 0.0769+ j0.2821 


Thus, 


3.077+ jl.2821 0.3846-jO.2564 

- 0.3846+ j0.2564 0.0769+ j0.2821 
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Chapter 19, Problem 34. 

Obtain the h and g parameters of the two-poi1 in Fig. 19.92. 


300 n 



ForProb. 19.34. 


Chapter 19, Solution 34. 

Refer to Fig. (a) to get hjj and h^j. 


300 n 



(a) 


Atnode 1, 


V V -0 


1 , = —+ ■ 

‘ 100 300 

300 

V.=—I, = 75Ij 


-+ 300Ii=4V, 


But 


Vj =10Ij+V, =851, -> hjj=-!- = 85n 


( 1 ) 
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At node 2, 


O + IOV, V, V, V, 75 75 

I =-^ = ^ = —I --1 =14751 

' 50 300 5 300 5 ' 300 ‘ ' 


h2i=r = 14.75 

-“^1 


To get hjj and hj^, refer to Fig. (b). 


300 n 


ij = o 10 n 



At node 2, 


Vj Vj+lOV, 

I, =—+^-^ 

" 400 50 


4 OOI 2 =9V2+80V, 


100 V, 
V =-V = — 

" 400 " 4 


Henee, 


4001^ =9^2 + 20^2 = 29^2 
I, 29 

h 22 = Tf = TTT = 0.0725 S 
Vj 400 


Vi=V.=^ 


^ = i 

V, 4 


r 850 0.25 

14.75 0.0725 S. 
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Toget gjj and referto Fig. (c). 


300 Q 



(c) 


At node 1, 


V, V,+10V, 

I + ^ -> 3501, =14.5V, 

( 1 AA - - - I 


100 350 


( 2 ) 


But 

or 


V -V 

—> 10I,=V.-V, 

V. =v.-101, 


(3) 


Substituting (3) into (2) gives 

3501, = 14.5 V, -1451, -> 4951, = 14.5 V, 

I, 14.5 


g 


“ V, 495 


0.02929 S 


At node 2, 


V, = (50)1 I-IOV, =-8.4286V, 


-8.4286 V, +84.2861, = -8.4286 V, + (84.286)|^^jv, 


V^ = -5.96V, 


g2i=t^ = -5.96 
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To get g 22 and i'efei'to Fig. (d). 


ij 10 n f 


V. = 0 


1011100 = 9.091 


300 n 


V2 + 10V, 

I, = ^-^+- 


50 300 + 9.091 


309.0911^ =7.1818V2 + 61.818V, 


9.091 

V, = _ V, = 0.0294 IV, 

309.091 ' " 


Substituting (5) into (4) gives 


309.091Ij =9Vj 


: 34.34 n 


V, 34.341, 
309.091 ” 309.091 


-100 -34.34I2 

" TÏÔ"^” " (1.1)(309.091) 

§12 =^ =- 0.101 


r 0.02929 S - 0 . 101 ' 
-5.96 34.34 n. 
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Chapter 19, Problem 35. 


DeteiTtiine the h parameters for the network in Fig. 19.93. 


líl 4Q 



ForProb. 19.35. 
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Chapter 19, Solution 35. 

To get and h^^ considerthe eircuit in Fig. (a). 



To get ^22 and h^^ ? i'efe' to Fig- (b). 


ij = oin J.2 4n ij 



(b) 


Since Ii = 0, I 2 = 0- 
Hence, h^^^O. 


At the teiTninals of the transfoiTner, we have and which are related as 


z z « 

— =-= n = 2 


v 1 

h,, =-^ = - = 0.5 


' 2 D. 0.5 ■ 
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Chapter 19, Problem 36. 


For the two-port in Fig. 19.94, 
Ì6n 3 
-2 O.OIS 

Find: 


[h] 


ic) IJV, {à)VJI, 



ForProb. 19.36. 
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Chapter 19, Solution 36. 


We replace the two-port by its equivalent circuit as shown below. 

4 Q Ij 16 n 2 Ii 



100II 25 = 20 D 
V, = (20)(2I,) = 401j 

-10-t201j = 0 

10 = 20Ii-t(3)(40Ii) = 140Ii 


40 
“ 14 


Vj =16Ii -l-3Vj = 


U25j 70 


Vj 40 

Tf = — = 0.2941 


7.353x10'" S 


V, 40 

(d) -^ = — = 4oa 
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Chapter 19, Problem 37. 


The input poit of the circuit in Fig. 19.79 is connected to a 10-V dc voltage source while 
the output poit is teiTninated by a 5 - Q resistor. Find the voltage across the S-íì resistor 
by using h parameters of the circuit. Confiim your result by using direct circuit analysis. 


Chapter 19, Solution 37. 

(a) We first obtain the h parameters. To get h^^ and h^i refer to Fig. (a). 


6 fì 3 fì I 2 



(a) 


3||6 = 2 


h 


-6 

3 + 6 




= 81, - 

-> 

" 1 

= 8Í2 

-2 

T" - 

- > h., 


-2 

2i 

I, 

” 3 
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To get ^22 and ? rcfo to the circuit in Fig. (b). 



Thc cquivalcnt circuit of thc givcn circuit is shown in Fig. (c). 




Substituting (2) into (1), 



XransfoiTn the 10-V voltage source to a —-A cuiTent source. Since 

6 

6 11 6 = 3 Q, we combine the two 6-Q resistors in parallel and transfoim 

10 

the cuiTent source back to — x 3 = 5 V voltage source shown in Fig. (e). 

6 


3Q 3Q 



V =—^ 

^ 6 + 15/ 


(5) = ^ = 1.1905 V 

> U J 




Chapter 19, Problem 38. 


The h parameters of the two-port of Fig. 19.95 are: 
fóOOQ 0.041 

[h] = 

30 2mS 

Given the Z, = 2kí2 and Z^^ = 400^2, fmd Zj„ and Z„^,. 



Figure 19.95 
ForProb. 19.38. 


Chapter 19, Solutíon 38. 

From eq. (19.75), 


z. = ft,, - ÌAA = 600- = 333.33 

1 + ^„A 1 + ^ 2 ^/, l-i-2xl0'"x400 - 


From eq. (19.79), 

R.+h. 


K + hi 


2,000-1-600 


+ K)K - KAe A + K)Ki - hAi 2600x2xì o^ - 30x0.04 


:650Í2 
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Chapter 19, Problem 39. 


Obtain the g parameters for the wye circuit of Fig. 19.96. 

h /?3 T 2 

o^^^AAA/V —^— vwv^^ 

+ + 

Vi I /?2 V, 

ô - ' - ô 

Figure 19.96 

ForProb. 19.39. 
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Chapter 19, Solution 39. 


We obtain gn and g 2 i using the circuit bclow. 



Wc obtain gn and g 22 using thc circuit bclow. 
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Chapter 19, Problem 40. 


Find the g parameters for the circuit in Fig. 19.97. 


-jàn ,|0Q 



Figure 19.97 

ForProb. 19.40. 
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Chapter 19, Solution 40. 


To get gjj and g^i, consider the cireuit in Fig. (a). 

ij -jóQ jion ij = o 



To get gj 2 and gj^, consider the circuit in Fig. (b). 

Ii -j6Q jlOfí I 2 
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Chapter 19, Problem 41. 


For the two-poit in Fig. 19.75, show that 

^2 _ ~ §21 

r gnZ,+A^ 

_ g2lZ, _ 

V, (l + gllZ,J(g22 +Zj-g2igi2Z, 

where is the deteiTninant of [g] matrìx. 
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Chapter 19, Solution 41. 


For the g parameters 

Ii=guV.+gi,I, (1) 

Vj =§21% +g22l2 (2) 


But 


or 


V^=V,-I^Z, and 

^^2 “ "^2 “ §21 §22 ^2 

0 = §21 ^l (§22 "*" 

^ -(§22 

I 2 


Substituting this into ( 1 ), 

y _ (§22 §11 "*" ^L §11 ~ §21 §12) j 

^ ~ -a ^2 

H 21 

I2 -§ 2 I 

or — =- 

II §lI^L"^^g 

Also, V2=g2,(V,-I,ZJ + g22l, 

~ §21 Vj, “ g^i ^l "*" §22 ^2 

= §21 V, + Z^ (g^, Zl + A^)l2 + g22 I 2 

But L = ^ 

' Zl 

V 2 = §21 % - [ §11 Z„ Z„ + g,, ] Ij- 

Vz^Zl+ gii Z, Zl + Ag Z,+g 22 ] 

- 

%_ §21 Zl _ 

Vs Zl + gii Z, Zl + A^ Z, + gjj 

^_ §21 Zl _ 

Vs Zl + gii Z^ Zl + gii g22 Zj — gji gi2 Z^ + g22 

% ^ _§uA_ 

% (1 + §M Zs)(g 22 +ZL)-g, 2 g 2 | Z, 
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Chapter 19, Problem 42. 


The h parameters of a two-poii: device are given by 

h„=600Q, hj2=10-% ^21=120, h22=2xlO-''S 

Draw a eircuit model of the device including the value of each element. 


Chapter 19, Solution 42. 

With the help of Fig. 19.20, we obtain the circuit model below. 
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Chapter 19, Problem 43. 


Find the transmission parameters for the single-element two-poit networks in Fig. 19.98. 
z 

o — I ~| O O - —|— - o 

Y 

O - O Û --I-- 0 


(a) (b) 

Figure 19.98 

ForProb. 19.43. 
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Chapter 19, Solution 43. 


(a) To fïnd A and C, consider the network in Fig. (a). 



(b) 
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(b) To fìnd A and C, consider the circuit in Fig. (c). 


Ii I2 



To get B and D, refer to the circuit in Fig.(d). 


I2 



Thus, 

' 1 0' 

[T] = 

L j Y 1 
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Chapter 19, Problem 44. 

Detemiine the transmission parameters of the eireuit in Fig. 19.99. 


715 Q 



- rmn - 



-jlOQ 

-720 Q 

II 



II 


o - ' 

>20 n 

- 0 


Figure 19.99 

ForProb. 19.44. 


Chapter 19, Solution 44. 

To deteimine A and C , consider the eircuit in Fig.(a). 


i„ jisa 



(a) 


Vi=[20 + (-jl0)||(jl5-j20)]I, 



(-jl0)(-j5)' 

I, = 

lo' 

v = 

20 + 

L -jl5 J 

L20-jyJ 

i 



I 


o 


1-Jl0-J5j 





V,=(-j20)I„+20I„' = -jyl.+201. 
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0.7692 +j0.3461 



We may transform the A subnetwork to a T as shown in Fig. (e). 


Z, 

Z. 

Z3 
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20-j40/3 3-j2 

20-j40/3 + j20^‘“ 3 + j ^ 


D 


3 + j 
3-j2 


= 0.5385+ j0.6923 


V, 

V: 


(j20)(20-j40/3) 

/ 20-j40/3 + j20 J ‘ 

= [jl0 + 2(9 + j7)]I, = jI,(24-jl8) 


-V, -jl.(24-jl8) 6 

I, = -(3-j2) =i3(-15 + J55) 

3 + j ^ 

B =-6.923+ j25.385í2 


[T]: 


0.7692+ j0.3461 - 6.923 + j25.385 O 

0.03461+ j0.023S 0.5385 + jO.6923 
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Chapter 19, Problem 45. 


Find the ABCD parameters for the circuit in Fig. 19.100. 


-jin 



Figure 19.100 

ForProb. 19.45 
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Chapter 19, Solution 45. 


To detennine A and C, eonsider the cireuit below. 



V,=(4-j2U, 14=4< 


A = ^ = = jO.5 

4 




C = T = J_ = 0.25 

To deteimine B and D, eonsider the cireuit below. 



The 4-Q resistor is shoil-cireuited. Henee, 

4 = -<, ^=-|=i 

V,=-j2( = j2l, B=-^ = -j^ = -2j£l 

Hence, 


/A 

B 


■i-/).5 -j2a 


1 

1 

p 

1 

!D 

C 

D 


0.25S 1 


_ 0.25S 1 J 
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Chapter 19, Problem 46. 

Find the transmission parameters for the eireuit in Fig. 19.101. 


1 a 1 o 



ForProb. 19.46. 

Chapter 19, Solution 46. 

To get A and C , refer to the eireuit in Fig.(a). 


At node 1, 



(a) 


V V -V 

I, + -> 2I,=3V„-2V, (1) 


At node 2, 


V -V, 


= 41 = 


4V. 


■ = 2V 


V. =-V, 


( 2 ) 


From (1) and (2), 

2Ii=-5V, 


Ii -5 

C = —= —= -2.5S 


But 


V -V 

I= ^ “ =v+v 

-2.5V,=Vi+V, -> Vi=-3.5V, 


A = 
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To get B and D, consider the circuit in Fig. (b). 



(b) 


At node 1, 


At node 2, 


V V 


-I,=V„+2V„=0 


-+ I, = -3V,. 


Adding (3) and (4), 


2l^+l^=0 


-+ Ii=-0.5l2 


D = V-L^O.5 


But 


Vi-Vq 

1 


-+ V,=I.+V„ 


Substituting (5) and (4) into (6), 

-1 -1 -5 

Vi = —1,+ —I, = —I, 
1 2 ^ 2 6 


-V, 5 

B = —^ = - = 0.8333 


r 6 


( 3 ) 

( 4 ) 

( 5 ) 

( 6 ) 


Thus, 


[T] = 


-3.5 0.8333 Q 

-2.5 S -0.5 
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Chapter 19, Problem 47. 


Obtain the ABCD parameters for the network in Fig. 19.102. 


1 Í2 

o - vwv- 


6a 

-^ww- 


4Q 

-^WW- 


V.. s 2 a 




Figure 19.102 

ForProb. 19.47. 


Chapter 19, Solution 47. 


To get A and C, eonsider the circuit below. 


60 



Vl-Vx _Vx , Vx-5Vx 
1 2 10 


> Vi=l.lV^ 


V2 = 4(-0.4VJ + 5V^ = 3.4Vx -> 


A = ^ = l.1/3.4 = 0.3235 
V2 
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= 0.1/3.4 = 0.02941 


Vi -V Ii 

Il=^T^ = l-lVx-Vx=0.1V^ -> C = ^ 

1 V 2 

To get B and D, consider the circuit below. 


6n 



[T] 


0.3235 1.176 " 

0.02941 0.4706 



Chapter 19, Problem 48. 


For a t^vo-poit, let A = 4, B = 30f2, C = 0.1 S, and D = 1.5. Calculate the input 
impedance, = V, /I,when: 

(a) the output teiTninals are short-circuited, 

(b) the output poil is open-circuited, 

(c) the output poi*t is teiminated by a 10 - Q load. 
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Chapter 19, Solution 48. 

(a) Refer to the eireuit below. 



V,=4V,-30I, (1) 

I, =0.1V,-I, (2) 

When the output temiinals are shoited, V^ = 0. 

So, (1) and (2) beeome 

V.=-30I, and I.=-I, 

Hence, 

V. 

z,„=-^ = 3on 

li - 

(b) When the output teiminals are open-cireuited, 1^=0. 

So, (1) and (2) become 

V,=4V, 

I, =0.1V, or V,=10Ij 

V,=40I, 

V, 

z„,=--^ = 4on 

- 

(c) When the output poit is teiminated by a 10-D load, = - lOI^. 

So, (1) and (2) beeome 

Vi =-401,-301, =-701, 

I, =-!,-!,=-21, 

V, =351, 

V, 

Z,„=--^=35Q 

ll - 

AZl+B 

Altematively, we may use =- 

u 






Chapter 19, Problem 49. 

Using impedances in the s domain, obtain the transmission parameters for the eireuit in 
Fig. 19.103. 


1 F 



Figure 19.103 

ForProb. 19.49. 


Chapter 19, Solution 49. 

To get A and C , refer to the eireuit in Fig.(a). 


Ii l/s 1^ = 0 



(a) 


111 - = ^— =- 

s 1 + 1/s s + 1 


1II 1/s 

^^“l/s + l||l/s 


V, 


1 1 

A = — = s s + 1 _ 2s + l 


s + 1 


Vi=I. 


s + 1 


1_ J_ 

s s + 1 


=h 


s + 1 


r 2s + l^ 

U(s + 1), 


í ^ ì 

r2s+n 


Is + lJ 

ls(s + l)j 

2s + l 

1 

2s + l 

" (s + l)(3s + l) 

s + C 

s(s + l) 
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But 


v,=v, 


Hence, 


Vj 2s + l 


s (s + l)(3s + l) 


V 2 (s + l)(3s + l) 


To get B and D, eonsider the eireuit in Fig. (b). 





s + l^‘ -s 

I =— =-1 

1 1 2s + l ‘ 

- + - 

s + 1 s 


■I, 2s + ] 


I 2 s 


Vl-í^)í^]l2-- 

I2s + 1A -s J -s 


h s 


(s-H)(3s + l) 2 + 1 
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Chapter 19, Problem 50. 


Deríve the ^-domain expression for the t parameters of the circuit in Fig. 19.104. 


2Q 

o - VWV 


tF 


Figure 19.104 

ForProb. 19.50. 


1 H 

■^innn - o 


-o 
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Chapter 19, Problem 51. 


Obtain the t parameters for the network in Fig. 19.105. 



ForProb. 19.51. 

Chapter 19, Solution 51. 

To get a and c , eonsider the eircuit in Fig. (a). 

j Q 

ii = 0 1 íî -n ^ h 



(a) 



V, = r(j-j3) = -j2I, 

V, = -jl, 


a = 


Vi 

V. 



= 2 


c = 
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To get b and d, consider the circuit in Fig. (b). 



Formesh 1, 


or 


0-(l + j2)I.-jI, 


d = 


r 


-2 + j 


For mesh 2, 

V, = l2(j-j3)-jli 

V,=I,(2-j)(-j2)-jI.=(-2-j5)I. 


b = 



2 + j5 


Thus, 


[t] = 


2 2 + j5 
-j -2 + j. 
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Chapter 19, Problem 52. 


(a) For the T network in Fig. 19.106, show that the h parameters are: 

h,, = /?, + " " u _ 2 


/?, +/?3 

R. 


Ri +R^ 


Ri +R3 


R2+R3 


7f| /?3 

o — VVVV -1- V\AA/ - o 

1^2 

O - ' - O 

Figure 19.106 

ForProb. 19.52. 

(b) For the same network, show that the transmission parameters are: 


a=i + A, 

^2 

B-R, +^{^2 +R3) 

c=-L, 

D=l + ^ 
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Chapter 19, Solution 52. 


It is easy to tind the z parameters and then transform these to h parameters and T 
parameters. 


[z] = 


Rj + Rj Rj 

Rj R2 + R3 


A,=(R,+R,XR2+R3)-R2 

= R^Rj +R2R3 +R3R1 


(a) [h] = 



ISL. 


R1R2 +R2R3 +R3R1 

_1 

^22 

Z22 


R2 +R3 

R2 +R3 

-Z21 

1 


-R2 

1 

- ^22 

^22 - 


R2+R3 

R2 +R3 - 


Thus, 


RjRj 


as required. 


R, 


‘"'^“R.+R. 


— "hii ’ ^22 “ 


" 1 " R 3 


(b) [T] = 


Zii 



Ri + R2 

R1R2 + R2R3 +R3R1 

Z21 

Z21 


R2 

R2 

1 



1 

R2 +R3 

-Z21 

Z21- 


- ^ 

R2 J 


Henee, 


R, 


R, 


A = l + -^, B = R3+;^(R,+R3), C = 


R 


R. 


R. 


D = l + 


R. 


as required. 
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Chapter 19, Problem 53. 


Through derivation, express the z parameters in terms of the ABCD parameters. 


Chapter 19, Solution 53. 

For the z parameters, 

V =z I +z I 

^ ^[2 *-2 


For ABCD parameters, 

%=AV,-BI, 
I, ^CV^-DI^ 


From (4), 


I, D 

V, = 7^ + -I 

^ C C 


Comparing (2) and (5), 

1 

Z2i - c ’ 


D 

C 


Substituting (5) into (3) 
A 

C"' 


%=-!,+ 


AD 


B 


= -!,+ 


AD-BC 




Comparing (6) and (1), 
A 




AD-BC 


Thus, 


[Z] 


A Ay 
C C 

1 2 

c c 


( 1 ) 

(2) 


(3) 

(4) 


(5) 


( 6 ) 
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Chapter 19, Problem 54. 


Show that the transmission parameters of a two-port may be obtained from the y 
parameters as: 

A=-^, 

b=-L 

y^i 

y^i 

c=-^. 

d=-Ll 

y^i 

y^i 


Chapter 19, Solution 54. 

For the y parameters 

li=yiiVi+y.2V, 

^2 “ y 21 y 22 ^^2 


From (2), 


or 


Vi = 

Vi = 


y^i y^i 

yi2 y^i 


h 


Substituting (3) into (1) gives 


y 2 [ y 21 


-A. 


or 


-v,+^ 


Comparing (3) and (4) with the following equations 
V = AV^ -BI 2 
I,=CV,-DI, 

clearly shows that 



as required. 


( 1 ) 

( 2 ) 


(3) 


(4) 
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Chapter 19, Problem 55. 


Prove that the g parameters can be obtained Irom the z parameters as 


§ii ’ 


g2i=- 


§i2=- 


§22 


Chapter 19, Solution 55. 

For the z parameters 

V =z I +z I 

^ i ^ii ^i ^ ^i2 ^2 


From (1), 


I =—V -—I 


Substituting (3) into (2) gives 

Z.| 




or 


y, = —y, + —h 


( 1 ) 

( 2 ) 

(3) 


(4) 


Comparing (3) and (4) with the following equations 
r = giiV+gi2i2 
Vj = §21 V + §22 I2 


indicates that 





as required. 
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Chapter 19, Problem 56. 


For the network of Fig. 19.107, obtain VoA^s- 


1 kíì 



Figure 19.107 

ForProb. 19.56. 


Chapter 19, Solution 56. 

Using Fig. 19.20, we obtain the equivalent circuit as shown below. 
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We can solve this using MATLAB. First, we generate 4 equations from the given eireuit. 
It may help to let Vs = 10 V. 


-10 + RsIi + Vi = 0orVi + 1000Ii = 10 

-10 + RsIi + hiiIi + hi2Vo = 0or 0.0001 Vs+ 1500= 10 

I 2 = -Vo/Rl or Vo + 2 OOOI 2 = 0 

h 2 ili + h 22 Vo -12 = 0 or 2xlO-''Vo + lOOL -12 = 0 


» A=[ 1,0,1000,0;0,0.0001,1500,0;0,1,0,2000;0,(2* 10"'-6), 100,-1 ] 

A = 

l.Oe+003 * 

0.0010 0 1.0000 0 
0 0.0000 1.5000 0 

0 0.0010 0 2.0000 
0 0.0000 0.1000 - 0.0010 
»U=[10;10;0;0] 

U = 

10 

10 

0 

0 

» X=inv(A)*U 
X = 

l.Oe+003 * 

0.0032 

-1.3459 

0.0000 

0.0007 

Gain = Vo /Vs = -1,345.9/1 0 = -134.59 . 

There is a seeond approach we can take to check this problem. First, the resistive value 
of h 22 is quite large, 500 kD versus Rl so can be ignored. Working on the right side of 
the circuit we obtain the following, 

I 2 = 1001] which leads to Vo = -I 2 x 2 k = -2xlO^Ii. 

Now the left hand loop equation becomes, 

-Vs + (1000 + 500 + 10“V2xl0^))Ii = 1480Ii. 

Solving for VoWs we get. 


VoWs = -200,000/1480 = -134,14 . 

Our answer checks! 
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Chapter 19, Problem 57. 


Given the transmission parameters 


[T] = 


3 20 
1 7 


obtain the other tive two-port parameters. 


Chapter 19, Solution 57. 

At = (3)(7)-(20)(1) = 1 


[z] = 


A A, 


C 

1 


c 

D 


LC C J 


3 1 
1 7 


Q 


[y] = 


[h]: 


[g]^ 


[t] = 


D 

- 


■ 7 

-1 ' 

B 

B 


20 

20 

-1 

A 


-1 

3 

-B 

B - 


- 2Ô 

20 - 


B 

D D 


20 ^ 
— Q 

7 

1 

7 

-1 

C 


-1 

1 

-D 

D - 


L T 


'c 

- At 


ri 

-1 


A 

1 

-Â 

A 

B 

Â 


3^ 

1 

- 3 

3 

3 J 

' D 

B 





A^. 

At 


■ 7 

200' 


C 

A 


.is 

3 


_ At 

At _ 
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Chapter 19, Problem 58. 


A two-poit is descrìbed by 

V,=I,+2V,, I, =-2I,+0.4V, 

Find: (a) the y parameters, (b) the tonsmission parameters. 


Chapter 19, Solution 58. 


The given set of equations is for the h parameters. 


(a) 


(b) 


[h] = 


[y] = 


[T] = 


IQ 2 
-2 0.4 S 



A„=(l)(0.4)-(2)(-2) = 4.4 


1 -2 

-2 4.4 


2.2 0.5 Cì 

0.2 S 0.5 
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Chapter 19, Problem 59. 


Given that 


[g]= 

“0.06 S 

-0.4“ 

0.2 

2Q 

deteiTnine: 


(a) [z] 

(b) [y] 


(c) [h] (d) [T] 


Chapter 19, Solution 59. 

Ag = (0.06)(2) - (-0.4)(0.2) -0.12 + 0.08 = 0.2 


(a) [z] = 


(b) [y]^ 


(c) [h] = 


(d) [T]: 


1 

-gl2 





gii 

gll 


' 16.667 

6.667 

gzi 



. 3.333 

3.333 

gll 

gll - 





A 

liA 





g22 

§22 


' 0.1 

- 0 . 2 ' 

S 

-g21 

1 


.-0.1 

0.5 . 


S 22 

§22 - 





§22 

-§i2 

- 




A 

g 

A 

g 


'lOQ 

2 


-§21 

§ij_ 


-1 

0.3 S 

- 

A 

A 





g 

g - 





1 

§22 





§21 

§21 


5 

ioq' 




- 

.0.3S 

1 


- §21 

§21 - 



Q 
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Chapter 19, Problem 60. 


Design a T network neeessai'y to realize the following z parameters at (o = 10^ rad/s 


[z] = 


4+j3 

2 


2 

5- 




kQ 


Chapter 19, Solution 60. 

Comparing this with Fig. 19.5, 

Z|,-Z|2=4 + /3-2 = 2 + jShD. 

Z 22 - Z 12 = 5 - j - 2 = 3 -j kí2 

X =3X10' =6;/. -> L=^^^^ = 3mH 

" 10 ® 

Xc = IxlO' = l/(coC) 01 - C = 1/(10\10®) = 1 nF 

Hence, the resulting T network is shown below. 

2kn 3mH 3kn 1 nF 
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Chapter 19, Problem 61. 

For the brídge eireuit in Fig. 19.108, obtain: 


(a) the z parameters 

(b) the h parameters 

(c) the transmission parameters 

1 o 

- vwv - 



1 £ì 
■AAAAr 


-o 


Q 


-û 


Figure 19.108 

ForProb. 19.61. 


Chapter 19, Solution 61. 

(a) To obtain and , consider the circuit in Fig. (a). 


i„ 



(a) 

V, =IJl + l||(l + l)] = I,[l + |] = |l, 
V, 5 


-V,+I„+I,=0 

1 4 

V, = 1, +1, = 1, 

2 3 ^ ^ 3 ^ 
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Due to symmetiy, this is similar to the eireuit in Fig. (a). 
5 4 

^22 “ ^ ’ ^21 “ ^12 “ ^ 

rs 4i 


3 3 
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Chapter 19, Problem 62. 


Find the z parameters of the op amp circuit in Fig. 19.109. Obtain the tiansmission 
parameters. 



Figure 19.109 

ForProb. 19.62. 
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Chapter 19, Solution 62. 

Consider the eireuit shown below. 



Since no cutTent enters the input terminals of the op amp, 
Vj =(10 + 30)xl0' I, 


30 3 

V = V = —V = —V 
b 40 1 4 ‘ 


[ =—— =-V 

b 1A3 OAv. 1A3 1 


“ 20x10" 80x10" ‘ 

which is the same cun ent that flows through the 50-kí2 resistor. 


Vj =40x10" Ij +(50 + 20) X10" I, 
V,=40xl0"I,+70x10" 

21 

V, = —Y +40xl0"I, 

2 g 1 2 

V^ =105xl0"li+40xl0"l2 


From (1) and (2), 


[ 40 0 1 



... 

40 J 


“^ 11^22 ^ 12 ^ 21 “ 

16x10 


r Zi , 


Fa 

b1 z „ 

Zt -, 

m=Lc 

dJ“ j_ 

21 

^22 


- ^21 

^21 - 


0.381 15.24 kn' 

.9.52pS 0.381 
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Chapter 19, Problem 63. 


Detennine the z parameters of the two-poi*t in Fig. 19.110. 


1:3 


4Q 


9Q 


Figure 19.110 

ForProb. 19.63. 
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Chapter 19, Solution 63. 


Toget zii and zju consider the circuit below. 



V 2 = V2’=nV]'=nV] =3(4/5)Ii -> z^] = — = 2.4 


Toget Z 21 and Z 22 , consider the circuit below. 


1:3 _I 2 
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Chapter 19, Problem 64. 


Detennine the y parameters at û) = 1,000rad/s for the op amp circuit in Fig. 19.111. Find 
the coiresponding h parameters. 


40 kO 



Figure 19.111 

ForProb. 19.64. 


Chapter 19, Solution 64. 


IpF 


1 


■J 


jcoC (10^)(10-^) 
Consider the op amp circuit below. 


= -jkí^ 


40 kQ 



At node 1, 

20 -j 10 

Vi = (3-Hj20)V, (1) 
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At node 2, 


But 


Vx-o_o-V 2 

10 40 


■> 



Vi-V 

' 20x10 


Substituting (2) into (3) gives 


Vi + 0 . 25 V 2 
20x10' 


50x10-''Vj +12.5x10'^ Vj 


Substituting (2) into (1) yields 

Vi=^(3 + j20)V, 
or 0 = Vi + (0.75 + j5)V2 

Comparing (4) and (5) witb tbe following equations 

11 =yiiVi+7,2^2 

1 2 = y 21 Vi + y 22 V2 


indicates that = 0 and that 


[y] = 


50x10'’ 

1 


12.5 X lO'’ 
0.75+ j5 


S 


( 2 ) 

(3) 

(4) 


(5) 


Ay =(77.5 + j25.-12.5)xl0-'’ =(65 + j250)xl0-'’ 


1 -yi2 



L yii yii 


2xl0"a -0.25 
2x10" 1.3 + j5S 
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Chapter 19, Problem 65. 


What is the y parameter presentation of the circuit in Fig. 19.112? 

líì ^ 


2D. 



Figure 19.112 

ForProb. 19.65. 


Chapter 19, Solution 65. 

The network consists of two two-poi1:s in series. It is better to work with z parameters 
and then convert to y parameters. 


For N,, 
For N,, 


K] = 

[zj = 


4 2 
2 2 
2 l' 
1 1 


[ 2 ] = [zJ+[zJ: 

A =18-9 = 9 


6 3 
3 3 


[y]^ 


^22 "^12 


■ 1 -l‘ 



3 3 

- Z21 Zii 


-1 2 

N 

<1 

N 

<1 

_1 


-3 3 - 
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Chapter 19, Problem 66. 


In the two-poil of Fig. 19.113, let y ^ y^i ^ ^11 ^ ^ and = 10 mS. Find 

o s 



Figure 19.113 

ForProb. 19.66. 
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Chapter 19, Solution 66. 


Since we have two two-poits in series, it is better to eonveit the given y parameters to z 
parameters. 

=^ 11 ^ 22 -^ 12^21 =( 2 x 10 -')( 10 x 10'')-0 = 20 x 10 '’ 


0 

100 Q 


600 100 
100 200 


K] = 


122. 

-y^i 


iZii 

yii 


r 500 Q 
1 0 


[Z]: 


500 0 

0 100 


+ 


100 100 
100 100 


i.e. Vj Zjjlj+Zjjl^ 


or Vj =600Ij+1001^ (1) 

Vj = 100Ij+2001^ (2) 

But, at the input port, 

V, =Vj+60Ij (3) 

and at the output poit, 

V,=V„=-300I, (4) 

From (2) and (4), 

IOOIj+20012 =-30012 

Ij=-5l2 (5) 

Substituting (1) and (5) into (3), 

V, = 600 Ij+ 100 l 2 + 60 Ij 

= (660)(-5)l2+100l2 

= -32001^ (6) 


From (4) and (6), 

V 

V. 


-300I2 

-3200I2 


= 0.09375 
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Chapter 19, Problem 67. 


If three eopies of the circuit in Fig. 19.114 are eonneeted in parallel, find the overall 
transmission parameters. 


30 D 
o -VWV 


o- 


40 0 

-^vwv— o 

10 o 


-o 


Figure 19.114 

ForProb. 19.67. 


Chapter 19, Solution 67. 


We fìrst the y parameters, to fìnd yn and y^i consider the circuit below. 


Ii 30 Q 40 Q h 



By cuiTent division, 


4 = 


-10 

50 


{=- 0.21 


4 _ _ -1 

1 ^“ 38 ^ “190 
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To find y 22 and yi 2 consider the eireuit below. 

L 30 Q 40 Q 


By cuiTent division, 


<=- 


10 


30+10 


-/--i 

h — 



- J_ - 4 ^ _ 

” 14 ” 47.54 ” 190 


1 


[y]^ 


1/38 - 1/190 

- 1/190 2/95 


For three copies easeaded in parallel, we can use MATLAB. 


» Y=[l/38,-l/190;-l/190,2/95] 

Y = 

0.0263 -0.0053 
-0.0053 0.0211 

» Y3=3*Y 
Y3 = 

0.0789 -0.0158 
-0.0158 0.0632 

» DY=0.0789*0.0632-0.0158*0.158 
DY = 

0.0025 

» T=[0.0632/0.0158,1/0.0158;DY/0.0158,0.0789/0.0158] 
T = 

4.0000 63.2911 
0.1576 4.9937 


4 63.29 

0.1576 4.994 
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Chapter 19, Problem 68. 


Obtain the h parameters for the network in Fig. 19.115. 


2£2 



ForProb. 19.68. 


Chapter 19, Solution 68. 


For the upper network , [y^ ] 


4 -2 
-2 4 


and for the lower network N,,, [y] 


2 -1 

1 2 


For the overall network, 

[y] = [ya]+[yb] 


6 -3 
-3 6 


Ay =36-9 = 27 


1 

-yi2 


-o 

1 

yn 

yii 


6 

2 

ZíL 
- yii 

yn - 


1 

2 

2 J 
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Chapter 19, Problem 69. 


* The drcuit in Fig. 19.116 may be regarded as two two-poils connected in parallel. 
Obtain the y parameters as functions of s. 



ForProb. 19.69. 


* An asterisk indicates a challenging problem. 


Chapter 19, Solution 69. 

We fìrst deteimine the y parameters for the upper network . 
To get y^^ and y , consider the circuit in Fig. (a). 

1 „ l/s 4 

n = "- 

y, = (2+z^)i,={2+^y 

r s 

Vi 2(s + 2) 


h 

yii 
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-Ii -sVi 

= —= -2Ii =-r 

n s + 2 


I, 


-s 


V s + 2 


2s + 4'l 

—J"' 





















To get ^22 and ? consider the cireuit in Fig. (b). 
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For the lower network , we obtain and by refeiTÌng to the network in Fig. (e). 




[y] = [ya]+[yb] 


s + l -(3s + 2) 
s + 2 2(s + 2) 

-(3s + 2) 5s^+4s + 4 

. 2(s + 2) 2s(s + 2) 
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Chapter 19, Problem 70. 


* For the parallel-serìes eonnection of the two two-poits in Fig. 19.117, find the g 
parameters. 


h 



ForProb. 19.70. 


* An asterìsk indicates a challenging problem. 


Chapter 19, Solution 70. 


We may obtain the g parameters fiom the given z parameters. 


K] 


25 20 
5 10 


=250-100 = 150 


[zj 


50 251 
25 3oJ’ 


A, =1500-625 = 875 


[g] = 


-z, 


A, 

z,, 



0.04 

-0.8 


0.02 

-0.5 

[gj= 

_ 0.2 

6 

> [gb] = 

_ 0.5 

17.5 _ 


[g] = [ga] + [gb] = 


0.06 S -1.3 
0.7 23.5 Q 
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Chapter 19, Problem 71. 


* Detemiine the z parameters for the network in Fig. 19.118. 


8 0 6Í2 



Figure 19.118 

ForProb. 19.71. 


* An asterisk indicates a ehallenging prohlem. 
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Chapter 19, Solution 71. 


This is a paralld-series connection of two two-ports. We need to add their g parameters 
together and obtain z parameters fiom there. 

For the transfoimer, 

Vl=^V2, Ii=-2l2 

Comparing this with 

V| = AV2 - BI2, Ii = CV2 - DI2 


shows that 


[Tbl] = 


0.5 0 
0 2 


To get A and C for Th 2 , consider the cireuit below. 


Ii 4n l2=0 



Vi=9Ii, V2 = 5 Ii 

A = ^ = 9/5 = 1.8, C = i = l/5 = 0.2 
V 2 V 2 

We obtain B and D by looking at the circuit below. 

Ii 4Q l2=0 
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h = —Ii 
7 


D = -Ì- = 7/5 = 1.4 

I 2 


7 38 

Vi=4Ii-2l2=4(--l2)-2l2=-yl2 


^ B 


-^ = 7.6 
I 2 


[Tb2] = 


1.8 1.6 
0.2 1.4 


[T] = [Tbi][Tb2] 


0.9 3.8 
0.4 2.8 


A'y = 1 


[gb] 


'C/A 

— Ai" / A 


'0.4444 -l.lllf 

_1/A 

B/A 


1.1111 4.2222 


FromProb. 19.52, 


[Ta] 


1.8 18.8 

0.1 1.6 



C/A 

H 

<] 

1 


‘0.05555 

-0.5555" 

1/A 

B/A 


0.5555 

10.4444 


[g] = [ga] + [gb] = 


0.4999 

1.6667 


-1.6667 

14.667 


Thus, 


1/gll 

“g21 /gll 


2 

-3.334' 

_1 

'^g/gll 


3.334 

20.22 _ 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei-ved. No part 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher. or used beyond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual coui'se prepaiation. If you are a student using this Manuah 
vou are using it without permission. 



Chapter 19, Problem 72. 


* A seríes-parallel connection of two two-poits is shown in Fig. 19.119. Detennine the z 
parameter representation of the network. 


I. 



Figure 19.119 

ForProb. 19.72. 

* An asterísk indicates a challenging problem. 
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Chapter 19, Solution 72. 


Consider the network shown below. 


Il lal _ Ia2 I 2 



Now, rewiite (1) to (4) in teiTns of and 


V,,=25I,+4V, (5) 

Ia2=-4r+V, (6) 

V,:=16I,,+V, (7) 

1,3 =-!,,+0.5 V, (8) 

Adding (5) and (7), 

V^=25I,-f16I,^-f5V3 (9) 


Adding (6) and (8), 

h = -41,-l,,+ì.5Y, (10) 

ibi=r,=r (11) 
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Because the two networks and N,^ aie independent, 
I,=-5I,+1.5V, 

or =3.3331,+O. 6667 I 2 


Substituting (11) and (12) into (9), 

25 5 

V, =57.671,+3.3331^ 


( 12 ) 


(13) 


Compating (12) and (13) with the following equations 
V, =z„I,+z, 2 l, 

^^2 ~ ^21 ■*" ^22 ^2 

indicates that 


[z] = 


57.67 3.333 

3.333 0.6667 


Q 


Altematively, 



'25 4' 


'16 1 ' 

[hj = 

_-4 1 _ 

[hj = 

.-1 0.5 _ 


[h] = [hj + [hj 


41 5 

-5 1.5 


A|, =61.5 + 25 = 86.5 


[z] = 


-h. 


L ^22 


as obtained previously. 


57.67 3.333 

3.333 0.6667 
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Chapter 19, Problem 73. 


Three copies of the cireuit shown in Fig. 19.70 are connected in cascade. Deteimine the z 
parameters. 


Chapter 19, Solution 73. 


From Problem 19.6, 
'25 20' 

24 30 


[4 


Az=25a30-20a24 = 270 


A = 


^ 24 ’ 

1 


B- 


Az 270 




24 


C = —D = ^ = — 
Z21 24’ Z21 24 


The overall ABCD parameters ean be found using MATLAB. 


» T=[25/24,270/24;l/24,30/24] 

T = 

1.0417 11.2500 
0.0417 1.2500 

» T3—T*T*T 
T3 = 

2.6928 49.7070 
0.1841 3.6133 

» Z=[2.693/0.1841,(2.693*3.613-0.1841*49.71)/0.1841;l/0.1841,3.613/0.1841] 
Z = 

14.6279 3.1407 
5.4318 19.6252 


14.628 3.141 

5.432 19.625 
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Chapter 19, Problem 74. 

±í 

ML 

* Detennine the ABCD parameters of the eireuit in Fig. 19.120 as funetions of s. (Hint: 
Paitition the circuit into subcireuits and cascade them using the results of Prob. 19.43.) 


IH IH 



Figure 19.120 

ForProb. 19.74. 


* An asterisk indieates a challenging problem. 


Chapter 19, Solution 74. 

From Prob. 18.35, the transmission parameters for the circuit in Figs. (a) and (b) are 


[TJ = 

" 1 z" 
.0 1 _ 

z 

r 1 o" 

’ [TJ-|^j/2; ^ 







(a) 

(b) 
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We pailition the given circuit into six subcircuits similar to those in Figs. (a) and (b) as 
shown in Fig. (c) and obtain [T] for each. 



Ti i Ti 

i T3 i T4 

1 1 

Ts T6 

'l o' 

1 S 

'l o' 

ij’ 

^■i=Lo ij' 

™=Ls ij 

[TJ = [TJ, 

[T,] = [T,], 

[TJ = [TJ 


[T] = [TJ[TJ[T3][T,][TJ[TJ = [TJ[T,][T3][T,|J j ^ J 


10 1 s 1 0 

^[TJ[TJ[T3][T,] -[TJ[TJ[T3] 

s+1 1 01 s+1 1 


= [TJ[TJ 


1 0 +S + 1 s 


s 1 s+1 1 


1 s1 s^+s + 1 


0 1 s +s +2s + l s +1 


1 0irs‘*+s''+3s'+2s + l s'+^s 
1 1 +s^ + 2s + l s^ +1 


s"*+s^+3s^+2s + l s^+2s 
s'*+ 2s*+4s^+4s + 2 s*+s^+2s + l 


Notethat AB-CD = 1 as expected. 
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Chapter 19, Problem 75. 

±í 


ML 


* For the individual two-poi1:s shown in Fig. 19.121 where, 


[zj- 


8 6 
4 5 


Q 


[yj 


8 

2 


-4 

10 


s 


(a) Deteimine the y pai'ameters of the overall two-port. 

(b) Find the voltage ratio V„ when Z^ = 2 Q . 



Figure 19.110 


ForProb. 19.63. 


* An asterisk indieates a challenging problem. 

Chapter 19, Solution 75. 

(a) We convert [Za] and [zj to T-parameters. ForNa, A_ =40 — 24 = 16. 


Z11/Z2I 

Az/z2i’ 


'2 4 ■ 

. 1/^21 

222/^21. 


0.25 1.25_ 


ForNb, Ay = 80-1-8 = 88. 


[Tb] = 


-yiiiyiì -i/y2i 


0 

1 

1 

1_ 

_-Ay/y2i -yii/y2i_ 


-44 -4 


[T] = [TJ[Tb] = 


-186 

-56.25 


-17 

-5.125 


We eonvert this to y-parameters. A'p = AD - BC = -3. 


D/B 

— A'f' /B 


0.3015 

-0.1765 

-1/B 

A/B 


0.0588 

10.94 
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(b) The equivalent z-parameters are 
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Chapter 19, Problem 76. 



Use PSpice to obtain the z parameters of the network in Fig. 19.122. 

8n 



ForProb. 19.76. 


Chapter 19, Solution 76. 


To get zii and z^i, we open circuit the output poit and let Ii = lA so that 
Vi V7 

^ll=V- = Vi, Z21=-^ = V2 

The schematic is shown below. After it is saved and mn, we obtain 

zji =Vi =3.849, Z 21 = V 2 =1.122 

Similarly, to get Z 22 and Z 12 , we open circuit the input poit and let I 2 = 1A so that 

Zl2=^ = Vi, Z22=^ = V2 

The schematic is shown below. After it is saved and mn, we obtain 

Z 12 = Vi = 1.122, Z 22 = V 2 = 3.849 


Thus, 


[z] = 


3.949 

1.122 


1.122 

3.849 


Q 
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Chapter 19, Problem 77. 


Using PSpice, find the h parameters of the network in Fig. 19.123. Take ù) = ì rad/s 



ForProb. 19.77. 
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Chapter 19, Solution 77. 

We follow Example 19.15 except that this is an AC circuit. 

(a) WesetV 2 = 0 andli = 1 A. The schematic is shown below. In the AC Sweep 
Box, set Total Pts = l,StaitFreq = 0.1592, and End Freq = 0.1592. After simulation. 


the output file ineludes 



FREQ 

IM(V PRtNT2) 

IP(V PRINT2) 

1.592 E-01 

3.163 E-.Ol 

-1.616 E+02 

FREQ 

VM($N_0001) 

VP(SN_0001) 

1.592 E-01 

9.488 E-01 

-1.616 E+02 

From this we ohtain 




hii = Vi/1 = 0.9488Z-161.6^ 
h2i = I 2 /I = 0.3163Z-161.6^ 
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(b) In this case, we set Ii = 0 and V 2 = IV. The schematic is shown below. In the 
AC Sweep box, we set Total Pts = l,StailFreq = 0.1592, and End Freq = 0.1592. 
After simulation, we obtain an output file which includes 


FREQ 

VM($N 0001) 

VP(SN 0001) 

1.592 E-01 

3.163 E-.Ol 

1.842 E+01 

FREQ 

I]VI(V_PRINT2) 

IP(V_PRINT2) 

1.592 E-01 

9.488 E-01 

-1.616 E+02 


From this, 

hi2 = Vi/1 = 0.3163Z18.42° 
h 2 i = I 2 /I = 0.9488Z-161.6Z 


Thus, 


[h] 


0.9488Z -161.6^ 0.3163Z18.42° 

0.3163Z-161.6^ 0.9488Z-161.6^ 
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Chapter 19, Problem 78. 


Obtain the h parameters at = 4 rad/s for the circuit in Fig. 19.124 using PSpice. 


IH 


40 

-^vvvv- 


40 

-AWV- 




Figure 19.124 

ForProb. 19.78. 


PRQPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei-ved. No p art 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 

written permission of the publisher. or used beyond the limited distribution to teachers and educators 

permitted bv McGraw-Hill for their individual couise prepaiation. If you are a student using this Manuah 

vou are using it without permission. 
















Chapter 19, Solution 78 


For hi 1 and h^i, short-circuit the output port and let Ii = 1A. f =û)/27r = 0.6366 . The 
schematic is shown below. When it is saved and mn, the output file contains the 
following: 

FREQ IM(V_PRINT 1 )IP(V_PRINT 1) 

6.366E-01 1.202E+00 1.463E+02 

FREQ VM($N_0003) VP($N_0003) 

6.366E-01 3.771E+00 -1.350E+02 


From the output file, we obtain 


I 2 =1.202Z146.3'', Vi = 3J1ÌZ-Ì35'' 


so that 


h 



3.771Z-135'', 


h,! =1^ = 1.202Z146.3" 
1 
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For hi 2 and ^ 22 , open-circuit thc input poit and lct V 2 = IV. Thc schcmatic is shown 
bclow. Whcn it is savcd and mn, thc output filc includcs; 

FREQ VM($N_0003) VP($N_0003) 

6.366E-01 1.202E+00 -3.369E+01 
FREQ IM(V_PRINT 1 )IP(V_PRINT1) 

6.366E-01 3.727E-01 -1.534E+02 


From thc output fílc, wc obtain 

I 2 = 0.3727Z-153.4'', Vj =1.202^-33.69" 


so that 


hi2 = ^ = 1.202^-33.69*^, 


122 


E- = o.3727Z-153.4" 
1 


Thus, 


[h] = 


3.771Z-135" 

1.202Z146.3 


1.202Z-33.69" 
0.3727Z-153.4" 
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Chapter 19, Problem 79. 


Use PSpice to detennine the z parameters of the circuit in Fig. 19.125. Take co =2 rad/s. 


0.25 F 



-O 


o 


Figure 19.125 

ForProb. 19.79. 
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Chapter 19, Solution 79 


We follow Example 19.16. 

(a) We set Ii = 1 A and open-circuit the output-poil so that h = 0. The schematie 
is shown below with two VPRINTls to measure Vi and V^. In the AC Sweep box, we 
enter Total Pts = CStaifFreq = 0.3183, and End Freq = 0.3183. After simulation, the 
output fìle ineludes 


FREQ 

VM(1) 

VP(1) 

3.183 E-01 

4.669 E+00 

-1.367 E+02 

FREQ 

VM(4) 

VP(4) 

3.183 E-01 

2.530 E+00 

-1.084 E+02 


From this. 


zii = Vi/Ii = 4.669Z-136.7V1 = 4.669Z-136.7^ 
Z21 = V 2 /I 1 = 2.53Z-108.4V1 = 2.53Z-108.4^ 



MAG=yes 

PHASE=yes 


(b) In this case, we let I 2 = 1 A and open-circuit the input poil. The schematic is 
shown below. In the AC Sweep box, we type Total Pts = 1, Stait Freq = 0.3183, and 
End Freq = 0.3183. After simulation, the output fìle includes 
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FREQ VM(1) VP(1) 

3.183 E-01 2.530 E+00 -1.084 E+02 

FREQ VM(2) VP(2) 

3.183 E-01 1.789 E+00 -1.534 E+02 

From this, 

zi2 = V 1 /I 2 = 2.53Z-108.4V1 = 2.53Z-108..4" 
Z 22 = V 2 /I 2 = 1.789Z-153.4V1 = 1.789Z-153.4^ 


Thus, 



Chapter 19, Problem 80. 
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Use PSpice to find the z parameters of the circuit in Fig. 19.71. 


Chapter 19, Solution 80 

To get zii and Z 21 , we open circuit the output poil and let Ii = lA so that 

Zll=^ = Vi, Z21=^ = V2 

The sehematic is shown below. After it is saved and mn, we obtain 
= Vi = 29.88, Z 21 = V 2 = -70.37 

Similarly, to get Z 22 and Z 12 , we open circuit the input poit and let I 2 = 1A so that 
^12=^ = Vi, Z22=^ = V2 
The schematic is shown below. After it is saved and mn, we obtain 


Zi2=Vi= 3.704, Z22-V2= 11.11 


Thus, 


[z] = 


29.88 

-70.37 


3.704 

11.11 


Q 
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Chapter 19, Problem 81. 


RepeatProb. 19.26 using 


Chapter 19, Solution 81 


(a) We set Vi = 1 and shoit circuit the output poit. The schematic is shown below. 
After simulation we obtain 


yii = Ii = 1.5, y 2 i = h = 3.5 



PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. All rights resei-ved. No part 
of this Manual may be displayed. reproduced or distributed in any form or by any means. without the prior 
written permission of the publisher. or used beyond the limited distribution to teachers and educators 
permitted bv McGraw-Hill for their individual coui'se prepaiation. If you are a student using this Manuah 
vou are using it without permission. 






(b) We set V 2 = 1 and shoit-circuit the input poit. The schematic is shown below. 
Upon simulating the circuit, we obtain 
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Chapter 19, Problem 82. 


Use PSpice to rework Prob. 19.31. 


Chapter 19, Solution 82 

We follow Example 19.15. 

(a) SetV^ = Oandli = lA. The schematic is shown below. After simulation, 
we obtain 

hii = Vi/1 = 3.8, h2i = I 2 /I = 3.6 
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Chapter 19, Problem 83. 


Rework Prob. 19.47 using PSpice. 


Chapter 19, Solution 83 

To get A and C, we open-circuit the output and let Ii = 1A. The schematic is shown 
below. When the circuit is saved and simulated, we obtain Vi = 11 and V 2 = 34. 

A = ^ = 0.3235, C = i = — = 0.02941 
V 2 V 2 34 

Similarly, to get B and D, we open-circuit the output and let Ii = 1A. The schematic 
is shown below. When the circuit is saved and simulated, we obtain Vi = 2.5 and I 2 
= -2.125. 


B = - 


h 


2.5 

2.125 


1.1765, 


D = -Ì- 
h 


-= 0.4706 

2.125 


Thus, 


[T] = 


0.3235 

0.02941 


1.1765 

0.4706 
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Chapter 19, Problem 84. 


Using PSpice, find the transmission parameters for the network in Fig. 19.126. 


1 



ForProb. 19.84. 


Chapter 19, Solution 84 


(a) 


Since A 


= % 
V, 


and C 


^ ii. 
V, 


, we open-circuit the output poit and let Vi 


= 1 V. The schematic is as shown below. After simulation, we obtain 

A = 1A^2 = 1/0.7143 = 1.4 
C = I 2 /V 2 = 1.0/0.7143 = 1.4 
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(b) To get B and D, we shoi*t-circuit the output poil and let Vi = 1. The schematic is 
shown below. After simulating the circuit, we obtain 
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Chapter 19, Problem 85. 


At ù) = ì rad/s fìnd the tiansmission parameters of the network in Fig. 19.127 using 
PSpice. 


i a 



ForProb. 19.85. 
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Chapter 19, Solution 8§ 


, we let Vi = IV and open- 

I,=0 

eireuit the output poit. The sehematie is shown below. In the AC Sweep box, we set 
Total Pts = 1, Stail: Freq = 0.1592, and End Freq = 0.1592. After simulation, we obtain 
an output fíle whieh ineludes 


(a) 


V 

Sinee A = —- 
V, 


and C = 


V, 


FREQ IM(V PRINTl) IP(V PRINTl) 

1.592 E-01 6.325 E-01 1.843 E+01 


FREQ VM($N 0002) VP($N 0002) 

1.592 E-01 6.325 E-01 -7.159 E+01 


From this, we obtain 


A = 


J_ 


-= 1.581Z71.59° 

0.6325Z-71.59° 


C = 


i. 

V, 


0.6325Z18.43° 
0.6325Z-71.59° 


= j 


R1 
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(b) Similaiiy, since B 


V, 


and D = 


, we let Vi = IV and shoit- 



v,=o 




cireuit the output poit. The schematic is shown below. Again, we set Total Pts = 1, Stait 
Freq = 0.1592, and End Freq = 0.1592 in the AC Sweep box. After simulation, we get 
an output file which includes the following results: 


FREQ IM(V PRINTl) IP(V PRINTl) 

1.592 E-01 5.661 E-04 8.997 E+01 

FREQ IM(V PRINT3) IP(V PRINT3) 

1.592 E-01 9.997 E-01 -9.003 E+01 

From this. 


B = - + =-i-= -lZ90° = -j 

0.9997Z-90° 


D 


Ii 5.661xl0~V89.97° 
Ij ~ 0.9997Z-90° 


A b1 _ ri.581Z71.59'’ -j 
C dJ [ j 5.661x10"“* 
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Chapter 19, Problem 86. 


Obtain the g parameters for the network in Fig. 19.128 using PSpice. 


^ 2 Ci 


3Ci 



Figure 19.128 

ForProb. 19.86. 


Chapter 19, Solution 86 

I V 

(a) By definition, gii = :^ , gii = ^ 

I,=0 ^2 I,=0 

We let Vi = IV and open-circuit the output poit. The schematic is shown below. After 
simulation, we obtain 


gii = Ii = 2.7 


g2i - V 2 - 0.0 
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(b) Similarly, 


gl2 - , g22 - 

■^2 V |-0 -^2 v ,=0 

We let I 2 = 1 A and short-circuit thc input port. Thc schcmatic is shown bclow. Aftcr 
simulation, 

gl2 = Ii = 0 
g22 = V 2 = 0 
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Chapter 19, Problem 87. 

For the drcuit shown in Fig. 19.129, use PSpice to obtain the t parameters. Assume ú) = 
1 rad/s. 


1 n 

o - VNAAr- 


-j2 Q : 


J2Q 


1 Q 

-^\AA/V- 


1 Q 

-AAAA^ - o 


^ -J2Q 


Figure 19.129 

ForProb. 19.87. 


Chapter 19, Solution 87 

(a) Since a = 


Yi 


and c 


V. 


=0 


we open-circuit the input port and let V 2 = IV. The schematic is shown below. In the 
AC Sweep box, set Total Pts = l,StailFreq= 0.1592, and End Freq = 0.1592. After 
simulation, we obtain an output fïle which includes 


FREQ IM(V PRINT2) IP(V PRINT2) 

1.592 E-01 5.000 E-01 1.800 E-l-02 


From this. 


FREQ VM($N_0001) VP($N_0001) 

1.592 E-01 5.664 E-04 8.997 E-l-01 


---= 1765Z - 89.97° 

5.664x10-^89.97° 


c 


Q.5Z18Q^ 

5.664x1 QV89.97^ 


-882.28Z-89.97^ 


L1 
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(b) Similai'ly, 


b = 




and d = —- 
I, 


V|=0 


We short-circuit the input port and let V 2 = IV. The sehematic is shown below. After 
simulation, we obtain an output fíle which includes 


FREQ IM(V PRINT2) 

1.592 E-01 5.000 E-01 


IP(V PRINT2) 
1.800 E+02 


FREQ 1M(V PR1NT3) 

1.592 E-01 5.664 E-04 


IP(V PRINT3) 
-9.010 E+01 


From this, we get 

b =- \ - = -jl765 

5.664x10“V-90.1° 


0.5Z180° 

5.664x10'V-90.1° 


j888.28 


Thus 


-jl765 -jl765 
j888.2 j888.2 


L1 
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Chapter 19, Problem 88. 

Using the j parameters, derive foimulas for , A -, and A for the common- 

emitter transistor cireuit. 


Chapter 19, Solution 88 

To get , consider the network in Fig. (a). 



r ^yiiV+ynV (1) 

r=y2iV,+y,,V, (2) 


But 


-V, 


R 


■ = ^21^1+^22^2 


L 

V ^ 

y 22 + V^L 
Suhstituting (3) into (1) yields 

L =yii V, +y,2 


-y^iVi 

Iy22+1/Ri 


Ii 


^y+yilVL 


y22+Y, 


V,, 


L y 


or 


z. 


yzz+YL 


Ii A +y„YL 


( 3 ) 



Ay =^11^22-^12^21 


^2 _ y 2i y 22 ^2 _ ry , 


-y^.v, ^ 

■|- y2i "“ 1 

rii J 

^y 22 "*" ^L y 


^22^2.2;,, _ 

^ y22+YL ì 

( 

^22^2. ì 

y 22 "*" ^L 

ÍH 

+ 

< 

y 2 i 
v 

y 22 "*" ^L J 


A _ yz. Yl 
' A^.+y„YL 
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From (3), 


'' V, y„+Y, 

To get , consider the cireuit in Fig. (b). 

Ii I2 



Z 


out 


V V 

J_2_]_2_ 

^2 y^i y 22 ^2 


But 


Substituting this into (1) yields 

^i “"yii^sii"*"yi2'^2 

(i-^yiiRs)ii =yi2 V 2 

j -V. 

‘ i+ynR. R. 

V, -ynR. 

or — =- 

V, i+yuR. 


Substituting this into (4) gives 

1 

" yiiyiiRs 
i+ynRs 

^_ i+yiiRs _ 

y22 + yny22Rs-y2iy22Rs 
7 = yn +Vs 


( 4 ) 
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Chapter 19, Problem 89. 


A tiansistor has the following parameters in a common-emitter circuit: 

h^=2M0n, =2.6 xlO-‘' 

hf,=72, h^^=l6juS, RL=100kQ 


What is the voltage amplification of the tiansistor? How many decibels gain is this? 


Chapter 19, Solution 89 


A. 

Av 

Av 




bi.+(hi,h„^-h„hfJRL 
-72-10^ 


2640 +(2640X 16x10 '' -2.6x10-^ X 72)-lO^ 
-72-10^ 


2640 + 1824 


= -1613 


dcgain = 201og = 201og(1613) = 64.15 
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Chapter 19, Problem 90. 

edd 

A transistor with 



/î„ = 2kQ 


/î„, =20pS 


is used for a CE amplitìer to provide an input resistanee of 1.5 kQ. 

(a) DeteiTnine the necessaiy load resistance Rl. 

(b) Calculate A , A . ^ and if the amplifier is driven by a 4-mV source having an 

intemal resistanee of 600 Q . 

(c) Find the voltage across the load. 
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Chapter 19, Solution 90 


(a) Z^„=h,, 


h,., hf, R, 


^ + K^l 


1500 = 2000- 


IO^^xI^ORl 

l-i-20xl0'^R, 


500 = 


12x10" 


l-t-2xlO-"R. 


500-^10"Rl =12x10 -'Rl 
500x10' =0.2Rl 

Rl = 250 kf2 


hìc + (hieh„,-h^^hfJRL 

-120x250x10' 

A =- 

2000-l-(2000x20xl0-^ - 120x10-Jx 250x10' 

-30x10'' 

A„ =-^-r = -3333 

2x10'-1-7x10' - 

hf. 


A,- = 


120 


20 


' l + h„eRL 120 xlO-''x 250x10' — 


K+K 


600-^2000 


(R,-FhiJh„,^-h,.,,hf,^ (600-^2000)x20xl0 ''-10-‘*xl20 

2600 

Z„,.= —kfì= 65kfì 


(c) 


“ V ~ V 


> V =A„V =-3333x4x10-' =-13.33 V 


c V s 
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Chapter 19, Problem 91. 

For the ti'ansistor network of Fig. 19.130, 

= 80, /í., = 1.2kQ 

/z,, = 1.5 X 10'\ /2„, =20|aS 

Deteimine the following: 

(a) voltage gain A = Vo/V ^, 

(b) cuiTent gain A . =I^^/I., 

(e) input impedance , 

(d) output impedanee . 



Figure 19.130 

ForProb. 19.91. 
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Chapter 19, Solution 91 


R, =1.2kíl, RL=4kn 


(a) 


Av = 
A.. = 




hie+(hieh„,-h^^hfJRL 

-80x4x10' 


Av=- 

Ve/Vs. 


1200 + (1200x20xl0-'^ -l.SxlO’'' x80)x4xl0' 
-32000 


1248 


= - 25.64 for the tiansistor. However, the problem asks for 


Thus, 

Vh = Vo/ATransV = -Vo/25.64 

Ib = Vs/(2000 + 1200) = Vs/3200 (Note, we used Zi„ from (c) 
below.) 

Vh = 1200xlb = (1200/3200) Vs = 0.375V^ = -Vo/25.64 


Av for the circuit = Vo/Vs = -9.615 


(b) 


A,- = 


1 + h,. R, 


_80_ 

1 + 20x10 '^ x4xl0' 


= 74.07 


(c) Z„=h,-h,.,A; 

Z;,. =1200-1.5x10"'X 74.074= 1.2 kfì 


(d) 


R.,+hie 

^™‘“(R.,+hie)he,-h,>f. 

1200 + 1200 2400 

Z =-=- 

2400x20x10-''-1.5x10"'X 80 0.0468 


= 51.28 kí2 
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Chapter 19, Problem 92. 


* Detennine A , A ., , and for the amplitier shown in Fig. 19.131. Assume that 

=4kQ, = 10~" 

hj, = 100, =30pS 



Figure 19.131 

ForProb. 19.92. 

* An asterìsk indicates a challenging problem. 


Chapter 19, Solution 92 

Due to the resistor = 240 Q, we cannot use the foimulas in seetion 18.9.1. We will 
need to derìve our own. Consider the circuit in Fig. (a). 


Ib hie I,^ 
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( 1 ) 

( 2 ) 


Ie=I.+I. 

V,=h,J,+h^,V, + (I,+IJR, 


Ic=hf.I,+ 


But V,=-I.Rl 

Substituting (4) into (3), 


h=Kh- 


Re + ^ 


R, 


Re + k 


or 


Ai=- = 

A, = 


I, _h,,(l + RAJ 


I. l + h„.(RL 

100(1 + 240x30x10 ") 


1 + 30x10-''(4,000+ 240) 

Ai = 79.18 

From (3) and (5), 

j ^ hfe(l + RE)h„. j ^ j 

l + h„JR, + R,) 

Substituting (4) and (6) into (2), 

V, = (hi, + R,)I,+h,,V,+I,R, 
V.(hi,+R,) 


^ X., 


(3) 

(4) 


(5) 


( 6 ) 


V,= 


Re + 


1 


hfe(l + REh„J 
oeAl-'-l‘oe (Rl +Re) 


V 

-r + h. V„-^R 


-h. 


re -c p “E 

Rl 


J_ 

J_ 

A., 



(hic+RE) 

u Re 

■ + h,.c- - 

Rl 

í. 1 ì 

V j' 

■ hJl + RAc) ' 

J + h„JRL+RL) \ 


(4000 + 240) 



(7) 


240+ - 


1 


30x10' 


100(1 +240x30x10'J 
l + ^OxlO-*^ x4240 


-100 


+ 10-^ 


4000 


= -6.06x10'" +10'^- 0.06 = -0.066 


A, = -15.15 
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From (5), 


I =- - -1 

*= l + h„R, 


We substitute this with (4) into (2) to get 

V, = (h^, +R,)I, +(R, -h,„ 

U+h„, (Rl+Re) 


z =y^ = h +R I UURE-h,cRL)a + REh„J 
I. " ' l + h„JR,+R,) 


Z„, =4000 + 240 + 


Z,, = 12.818 kfì 


(100)(240 X10'" X 4 X10'^ )(1 + 240x30x1 O ^') 
1 + 30x10 ''X 4240 


To obtain , which is the same as the Thevenin impedanee at the output, we introduce 
a 1-V source as shown in Fig. (b). 



From the input loop, 

l,(R„+hJ + h,.„V^+R,(r+IJ = 0 

But V = 1 
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So, 

Ib (^s +hie +I^E) + hre +Re Ic = 
From the output loop, 


( 9 ) 


I = 


^E + 


1 


■ + I*fc Ifa “ 


REh„.+l 


+ hfe Ib 


or 


I, = — 


hfc l + REho 


( 10 ) 


Substituting (10) into (9) gives 


(Rs +Re +hiJ 


^I,. ^ 


vhfcv 


+ h,.c +Re I - “■ 


(Rs+RE+hJ ‘Yh 


l + REh„c 


R , + R i: + ll: 


Ic+ReIc- — 


R.+ R c + h; 




l + REh„ 


vhfc7 


-h. 


= 0 


(hec/hfc) 


I = 


R.s +Re +hi, 

l + Rrhcc 


Re +(Rs +Re +hic)/hf, 


^out — J 


Rphc. +R,+Rt:+]i 

E fe s E le 


Rs +Re +hi, 

l + REh„c 


h„c -h,chf. 


Z..,„ = 


240 X100 + (1200 + 240 + 4000) 


1200 + 240 + 4000 
. 1 + 240x30x10" , 
24000 + 5440 


xSOxlO^*^ -lO^'* xlOO 


0.152 


193.7 kfì 
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*Chapter 19, Problem 93. 


Calculate A , A ., , and , for the transistor network in Fig. 19.132. Assume that 

=2kQ, h^^=2.5 X 10-^ 

hj, = 150, = lOpS 



Figure 19.110 

ForProb. 19.63. 

*An asterísk indicates a challenging problem. 
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Chapter 19, Solution 93 

We apply the same foimulas derived in the previous prohlem. 


1 

Â” 


J_ 

A„ 


ÌK+^e) 


+ 


1 


hfe(l + Re^^cc) 
l + h„, (Rl+Re) 

(2000 + 200 ) 


=r + h.. 


-h,. 


Rr 


(200 +10j 


150(1 + 0.002) 
1 + 0.04 


r^ + 2.5xl0" 


■150 


200 

3800 


— = -0.004 + 2.5 X10' - 0.05263 = -0.05638 


A,. =-17.74 


A,- = 


hfJl + Rgh^J _ 150(1 + 200x10"') 


l + h^JR^ + RE) 1 +10-'X(200+ 3800) 

K(^e-KK)(ì + KK) 


144.5 


+Re + 


Z„ =2000 + 200 + 


l + h„, (Rl+Re) 

(150)(200-2.5xl0-^x3.8xl0j(1.002) 

1.04 


Zi, 

Z, 


= 2200 + 28966 

= 31.17 híì 


Z ,„ = = 


REhfe +R., +Re +bi, 


+Re +hi, 
1 + REhc. 


hce -h,.ehfe 


^out — 


200x150 + 1000 + 200 + 2000 33200 


3200x10- 

1.002 


-2.5x10"'X150 


- 0.0055 


Z„ut ^ -6.148 Mfì 
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Chapter 19, Problem 94. 

edd 

A tiansistor in its common-emitter mode is speeified by 

[200^ 0 1 

[h] = 

100 10''S 

Two sueh identieal transistors are eonneeted in easeade to foim a two-stage amplifier 
used at audio fi'equeneies. If the amplifier is tenninated by a 4-kf2 resistor, ealeulate the 
overall and . 


Chapter 19, Solution 94 


We first obtain the ABCD parameters. 


Given 


[h] = 


200 

100 


0 

10'^ 




[T] = 




-2x10-'" -2 

-lO'' -10" 


The overall ABCD parameters for the amplifier are 

-2x10-'" =0 


"-2x10-'' 

-2 

"-2x10-'' 

-2 


"2x10-* 

2x10-"' 

1- 

1 

o 

■X 

-lO’" _ 

-10-" 

-10-" _ 

— 

10-10 

1 

Ò 


A.p = 2 X10' 


[h] = 


B 

D 

-1 


A'p 

D 

C 


D D 


200 0 
-lO'*' 10'^ 


Thus, h;^=200, h^^ = 0, hf, =-10\ h„^=10-' 

(10'')(4xl0") 


A = 


'' 200+(2xl0-‘'-0)x4xl0= 


= IxlO" 


h hf R, 

Z;„=h,- =200-0= 2000 

i + h„„RL - 
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Chapter 19, Problem 95. 


Realize an LC ladder network sueh that 


Ss 

~ / +10i'' +8 


Chapter 19, Solution 95 


Let 


1 s'*+10s"+8 

^22 s^+5s 


Using long division, 

5s'+8 

“®^s^+5s 


, 5s'+8 

i.e. L, = 1H and = ——— 

‘ ® s^+5s 


as shown in Fig (a). 

Li 

— 

—-1 

y22 - 1 /Za 

(a) 



1 s^+5s 

7^^ 5s"+8 
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Using long division, 


3.4s 

“ 0.2s + 7 — sCt + Yf. 

® 5s"+8 " 


where = 0.2 F and 

as shown in Fig. (h). 


3.4s 
5s" +8 


Li 

—^w 

— 

Ye=l/Zc 


(b) 


Zc = 


1 

Ŷc 


5s"+8 5s 8 1 

3.4s 3.4'''3.4s ^^^'''sC^ 


i.e. an induetor in series with a eapaeitor 

L, = — = 1.471 H and 
' 3.4 


C4 


3.4 

— = 0.425 F 
8 


Thus, the LC network is showii in Fig. (c) . 


0.425 F 1.471 H 1H 

—\i -w^ 


(c) 
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Chapter 19, Problem 96. 


Design an LC ladder network to realize a lowpass filter with transfer function 

/í (í)= - -^i^- 

í"*+2.6135^+3.414s'+2.613S + 1 


Chapter 19, Solution 96 

This is a fouilh order network which can be realized with the network shown in Fig. (a). 


Li L3 

^ 


C? 



(a) 


A(s) = (s^ + 3.414s" +1) + (2.613s' + 2.613s) 


1 


H(s) = 


2.613s^ + 2.613s 
s'’ +3.414s" +1 

’^2.613s'+2.613s 


which indicates that 


_ -1 

“ 2.613s' +2.613S 
s'* +3.414S + 1 
^''"2.613s' + 2.613s 


We seek to realize y 22 • 
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By long division, 


2.414s'+l 

y,, - ^-^^^^ + 2 . 6135 ^+ 2.6135 “ 


2.414s'+l 

0.383 F and Y. ^ 


as shown in Fig. (b). 



1 2.613s^+2.613S 

Y, " 2.414s'+l 


By long division, 


1.53 Is 

~ l-082s + 2 i~sL 3 +Zj 

^ 2.414s^+l ^ ^ 


i.e. L 3 =1.082 H 


as shown in Fig.(c). 


1.53 Is 
2.414s'+l 
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1 


Y„ - 


■ = 1.577s + 


— S C 9 + 

1.53 Is ' sL^ 


i.e. 


=1.577 F 


and L,= 1.531 H 
Thus, the network is showii iii Fig, (d) . 


1.531 H 


1.082 H 
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Chapter 19, Problem 97. 


Synthesize the tiansfer function 

//(,)=^=^ —- 

i'' + 6s + 12^'' + 24 

using the LC ladder network in Fig. 19.133. 





Figure 19.133 

ForProb. 19.97. 


Chapter 19, Solution 97 


H(s) = 


(s'+12s) + (6s'+24) 


s^ +12s 

6s'+24 

sUl2s 


Hence, 


6s"+24 1 

s^+12s 


where is shown in the fìgure below. 


( 1 ) 


Cl C3 
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We now obtain C, and using partial fi'action expansion. 
6s^+24 A Bs + C 

T g'f -= — -U- 

s(s^ +12) s s^ +12 

6s' + 24 = A (s^ +12) + Bs' + Cs 


Equating coefficients : 

s": 24 = 12A -A = 2 

s': 0 = C 

s^ 6 = A + B -> B = 4 

Thus, 

6s"+24 2 4s 

s(s"+12)” s'^s'+n 


Comparing (1) and (2), 



2 


F 


1 s^+12 1 3 

4s 4 ^ s 


But 



+ 


1 

sL^ 


Comparing (3) and (4), 

1 , 1 
C| = T F L, = — H 

‘4 ^3 

Therefore, 

Ci = 0.25 F, L, = 0.3333 H, C^ = 0.5 F 


( 2 ) 


( 3 ) 

( 4 ) 
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Chapter 19, Problem 98. 


A two-stage amplifier in Fig. 19.134 eontains two identical stages with 
[2kn 0.0041 

[h]= 

200 500 pS 

If Z ^ = 20 kf2, find the required value of V, to produce V„ = 16 V. 



Figure 19.134 
ForProh. 19.98. 


Chapter 19, Solution 98 

Ajj =1-0.8 = 0.2 

- 0.001 -10 
-2.5x10“^ -0.005 


[Ta] = [Tb] = 


-Ah/h^i -hji/h^i 
-h^i/hii -1/^21 


[T] = [Ta][Tb] 


2.6x10“^ 0.06 

1.5x10"“^ 5x10’^ 


We now conveit this to z-parameters 


'A/C 

Ay / c 


1.733x10^ 

0.0267 

_1/C 

D/C 


6.667x10^ 

3.33x10^ 
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V, = (1000 + z„)li+zi2l2 (1) 

Vo=Z22l2+Z2iIi (2) 



( 3 ) 


( 4 ) 
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Chapter 19, Problem 99. 


Assume that the two circuits in Fig. 19.135 are equivalent. The parameters of the two 
circuits must be equal. Using this factor and the z parameters, derive Eqs. (9.67) and 
(9.68). 

z, z, 

a o 1 1 — —p — I I O c a o- 

Z 3 

b o - f - o d b o- 

(a) (b) 

Figure 19.135 
ForProb. 19.99. 

Chapter 19, Solution 99 


Zt 


-o d 


=Z,+Z3=Z, ||(Z,+ZJ 
Z.(Z,+ZJ 


Z| "t" z. — 

‘ ' z„ + z„ + z,. 


( 1 ) 


Z^=Z3+Z3=Z, ||(Z,+ZJ 

Z,(Z,+ ZJ 
Z, + Z, = “ - — 

z„ + z, + z,. 


( 2 ) 


Z^+Zi'- 


+ Z3 = ZJ|(Z, + ZJ 
ZJZ,+ZJ 

Za Zt, + Z^ 


Subtracting (2) from (1), 


Zj z^ 


ZJZ,-ZJ 

Za -l-Zt, +Z^ 


Adding (3) and (4), 


z.z,^ 


z„ + z. + z,. 


( 3 ) 


( 4 ) 


( 5 ) 
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Subtracting (5) fi'om (3), 


7 

^ Za+Zb+Z, 


Subtracting (5) fi'om (1), 


z + z. + z 

a b c 


Using (5) to (7) 


Z1Z2 +Z2Z3 +Z3Z1 - 


Z1Z2 + Z2Z3 + Z3Z1 


Z,Z,Z,(Z,+Z,+ZJ 

(Z,+Z,+ZJ^ 

z., +z,+z. 


Dividing (8) by each of (5), (6), and (7), 

ZjZ^+Z2Z3+Z3Z, 


ZjZ^ + Z2Z3 + Z3Z, 


Z,Z2 + Z2Z3 + Z3Z, 


as required. Note that the foimulas above are not exactly the same as those in Chapter 9 
because the locations of Z,^ and Z^ are interchanged in Fig. 18.122. 
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